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EVALUATION

The objective of this effort was to electrically characterize several state-of-
the-art semiconductor memories, and using the results then generate draft MIL-M-
38510 specifications. The devices selected for this program and their correspond-
ing “"slash sheet" numbers are as follows: 16K bit electricaily-erasable PROM
(EEPROM) organized as 2Kx8, designated /226; enhanced features 16K EEPROM,
designated /227; 64K bit ultra-violet erasable PROM (UVEPROM) organized as
8K x8, designated /223; 32K bit Fusible-Line PROM (FPROM) organized as 4Kx8,
designated /211; 16K bit NMOS static RAM (SRAM), organized as either 16Kx1| or
2K x8, designated /290, and 16K bit CMOS SRAM, organized as 2Kx8, designated
/291. Most testing was accomplished using a Tektronix $3270 Automatic Tester;
where machine limits were exceeded, bench techniques were employed.

This report contains data summaries and discussions of the characterization
results. The specifications which resulted will allow the procurement of reliable
military grade products, thereby enhancing the reliability of military systems. The
draft specifications themselves are not included in this report; copies can be
obtained from the Defense Electronics Supply Center, Dayton OH.

‘ { ,k('.'. ‘/{’ ,Ju-.('//"g

CHARLES H. WINDISCH, JR.
Project Engineer




1. INTRODUCTION

The overall objective of this work was to characterize the following
device types and to verify or develop as applicable NIL-M-38310
specifications for these types.

64K UV-EPROM

16K Static RAM

32x FPROM

16 Input programmable array logic (PAL)
16K registered output PROM

16K BEPROM

The characterization task involved the following related efforts:

a. market survey and selection of candidate device types. Device
availability and comments that RADC receives from users who
have a need for specific militarized components are significant
factors in component selection.

b. development of asutomatic test capability., accumulation and
reduction of characterization data.

c. assessment of interchangeability among devices from different
vendors.

d. development of preliminary slash sheets based on device analysis
and vendor comments.

The development of test procedures includes test pattern sensitivity
testing to determine optimum patterns that require short test times bdut
have an effectiveness equal or nearly equal to much longer more
exhaustive patterns.

2. TEST CAPABILITY

The development of test capability for sach device type was preceded
by the generation of a test plan which listed all parameters selected for
testing and also listed the temperature. voltage and current conditions.
An example of a test plan is contained in APPENDIX A. The test plans
not only defined the scope of work to be performed by the test engineers
but also served to identify the software and hardware developments that
could be appliied to more than one device type. The following subdbsections
describe the more significent aspects of the test capability.
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2.1 Automatic Test Bquipment

Two ATE systems were utilized: the Tektronix 8-3270 LSI Test System
for the AC and DC parametric testing and the Hewlett Packard(HP)-1000
Data Acquisition System for EEPROM endurance verification. The §-3270
contalns an 1804 test table capable of interfacing 64 input and 64 output 4
pins. Capabilities of the GE system that were used on this contract
effort include:

a. 14 programmable clock phases (10 drive, 4 compare) with lns
resolution

b. functional testing at speeds up to 20MHz

C. DC measurements: force V, measure 1; force I, measure V

4. device under test (DUT) temperature control from -60° to 160°C
e. data logging and reduction

f. computer graphics display

g. Pattern RAM (PRAM) which can apply predefined test patterns in
an algorithmically determined sequence

h. 2942 Programmable Pattern Generator designed to
algorithmically generate address and data patterns in
sequences especially suited for static and dynamic RAM testing

1. EMIS01A pulse generators with delay. width, repetition rate, ]
and rise/fall times programmable via test software ‘

The interface between the DUT and the S-3270 test system was
implemented with a socket card adapter (SCA). The SCA mates with the
tester and provides a surface area for the DUT socket and for speclal
purpose circuitry to enhance measurement accuracy or provide a unique
function required during the test (e.g. a waveshaping circuit for driving
the programming pin of an BEPROM).

The HP-1000 Data Acquistion System contains an HP-1000 computer with
two hard disk drives. An integral part of the system is an IEEER 488 bus
to communicate with compatible equipment such as digital multimeters,
signal generators., etc. Also included is a measurement control
processor, which with several addressable I/0 channels. serves as a
general purpose data link to communicate with user designed circuitry.
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2.2 1Incoming Tests

The incoming tests were designed to identify gross failures of newly
received parts. Static RAMs were functionally tested with a data and
address pattern that verified cell uniqueness. The 16K BEPROMs and 64K
UV-EPROMs were tested after loading with a checkerboard pattern or with
the pattern shown in Pigure 2.2. The tester's functional comparators
were programmed to verify the output logic levels during functional
testing. In addition, supply current was measured. PFuselink devices
were screened to verify that all fuses were intact. 8Supply current and
the output voltage level resulting from unprogrammed bits were also
verified.

2.3 DC Parameters and Conditions

The DC tests for the various device types were selected. as
appropriate, from the following list:

input current

output leakage current
input clamp diode voltage
input threshold voltage
output voltage
input/output capacitance

Although listed here as DC parameters. capacitance and thresholds were
measured under dynamic conditions. Input/output capacitance was measured
while applying an AC signal of 1MHz and SOmvVp-p using a Boonton 71A
capacitance meter. The remaining DC measurements were done in the
classical manner. That is, a specified voltage or current was statically
applied and the resulting current or voltage measured. The VCC level was
that which provided a worst case measurement.

Input thresholds were measured while applying a dynamic functional
pattern. such as marching, to the device. The device cycle times were
extended to values that allowed device and system noise transients to
settle out before the data from the DUT was checked for accuracy. The
pins not currently selected for measurement were given input high (VIH)
and input low (VIL) voltage levels of 3.0 and 0.0V respectively. When
measuring VIH threshold on a selected pin, VIL was set to 0.0vV. Starting
with & low and fatling value, VIN on the selected pin was incrementally
increased at sach execution of the dynamic functional pattern until a
value was found that allowed the device to pass. That value was
designated the VIH threshold.
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Similarly when VIL threshold was being determined. VIH was set to
3.0vV. starting with a high and failing value, VIL was incrementally
decreased at each execution of the test pattern until the device passed.
That value was designated the VIL threshold.

Prior to the DC tests, all programmable parts were programmed with
the data patterns developed for AC testing. The data patterns are
described in more detall in the section discussing test patterns.

2.4 AC Characterization Techniques

The general philosophy for the development of AC functional
characterization capability required that the following be verified or
established:

4. output voltage limits under loaded conditions
b. 1nput voltage dynamic operating limits

c. 1input and output timing limits under dynamic functional
conditions

4. functional integrity

e. performance over the -55° to 125°C temperature range and
the 4.5 to 5.5v VCC range

buring the characterization of a particular timing parameter, all
other parameters are set to vendor specified limits or to more optimal
values. This criteria insures that as the selected parameter is adjusted
roward its operating limit, a failure is due to that parameter. The
method used to isolate a parameter limit was the binary search.

2.4.1 Software

2.4.1.1 Binary Search

A classical technique for characterizing an AC parameter involves
incrementally adjusting the parameter through a predetermined range and
recording a test pattern pass/fail response at each parameter setting. A
plot of the responses versus magnitude of the parameter will exhibit the
operating limit (pass/fail boundary) but only to the accuracy of the
incremental step size. Increased accuracy requires the use of smaller
steps, which implies a larger number of test executions. A total of 31
test executions are reqQuired if the range is 300ns and the step size is
10ns.




The VLS1 memory effort made use of a binary search technique to
determine the operating limit of each selected AC parameter. A binary
search isolated the parameter pass/fail boundary within a range of
values. by repetitively testing the device and eliminating one half of
the then current range of values. The half that is eliminated is based
on the outcome of the test. The half that is retained encompasses the
pass/fail boundary.

The initial range of values for a parameter is made sufficiently
wide to guarantee that the opsrating limit (pass/fail boundary) is
enclosed. Therefore the device will fail with the parameter set tc one
end of the range and is expected to pass with the parameter set at the
other end. The value at the "passing” end is equal to the vendor
specified limit or to a less stringent value. If a device fails a test
at that value, characterization of that parameter is terminated.

vhen a device passes testing with the parameter set at the passing
end of the range, the parameter is set to the middle of the range and
tested again. A subsequent pass results in the passing end of the range
being pulled in to the parameter value. A failure would cause the
“failing” end of the range to be pulled in to the parameter value. This
process cuts the range size in half. After readjusting the range. the
parameter 1s again set to the aiddle of the range before the test pattern
is again executed. On each repetition of this process, the range is
reduced by one half, but the range continues to enclose the operating
limit of the parameter. When the range is lns wide, the passing end is
the desired worst case operating limit.

The number of steps. n. to reduce a range. r, to x ns can be found
through the relationship

x(2%*n) = r,
Therefore,

ne+= (ln r/x)/(1ln 2).

Por an r of 300ns and x = 10ns, n would be 4.9. Since n is not an
integer. 5 steps would be performed to isolate the value to less than
10ns. This is in sharp contrast to the 31 steps required in the
classical approach.




2.4.1.2 Parameter Arrays

In order to standardize S-3270 AC tests which could be used for
different memory types, an array driven test was developed. An array
containing all necessary timing conditions based on vendor specifications
was developed for each device type to be characterized. The test program
accesses the appropriate array for the timing information to be applied
during the dynamic functional tests. An example of an array is shown in
Figure 2.1. BEach row in the array contains the timing information and
identifies the test routine applied during the characterization of one AC
parameter. The first and second columns contain mnemonics and an
assigned number that identify the parameter associated with each row.

The third column indicates the initial range that the binary search will
utilize. The fourth column lists the address test pattern to be applied
and the remaining columns indicate the timing conditions of the device
inputs and the tester data strobe.

2.4.1.3 Test Patterns
Address Patterns

Several types of address patterns were used for the AC
characterization and pattern sensitivity testing. The type of pattern
used during a particular measurement depended on the device type,
execution time and estimated effectiveness. The patterns selected are
identified in the text covering each device type. The following is a
list of pattern types used:

March

Address Complement

Row Complement (at each column)
Column Complement (at each row)
Gallop

Appendix C contains a description of the test patterns. Although many
RAM and ROM address patterns are the same., the RAM patterns incorporate
data patterns for write operations.

Input patterns for the PAL devices do not follow a structured flow
as for the ROMs and RAMs. PALS were treated as non-homogenous mixtures
of combinational and sequential logic (as they are in application). Thus
the input patterns are pseudo random, but exhaustively check all
programmed and unprogrammed fuses.
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Data Patterns

The data pattern such as that illustrated in Pigure 2.2 was applied
to each ROM device (except Registered Output PROM). In the figure, Mc
represents the maximum column address and Nr the maximum row address. It
was ideally suited for the row/column patterns where the column decoder
is stable while the row decoder is exercised and vice versa. The pattern
is designed such that the 8 bit data word at each column address within a
single row is unique. Also, the 8 bit data word at each row address
within a single column is unique. Using this data pattern., row/column
address patterns such as row and column complement can be used to verify
address unigueness.

For the PAL devices. four separate fuse patterns were developed to
collectively verify the ability to program any fuse, verify logic
integrity and to verify that fuses left intact are actually conductive.

A device can receive only one fuse pattern., but each of the four patterns
will be programmed into several devices. These four fuse patterns are
displayed in Appendix B.

2.4.2 Hardware

2.4.2.]1 Output Loads

Since each vendor guarantees that his device will meet its VOH and
VOL specifications, the output loads used during AC testing are designed
to provide maximum specified current loading at these voltages. Pigure
2.3 $llustrates an output load. Resistor RL was selected to provide the
maximum load current at the maximum allowed output logic low voltage. RH
provides maximum load current at the minimum allowed logic high voltage.
The 50pF capacitance includes the parasitic capacitance of the test
equipment.

To verify that the outputs reach their specified voltage limits. in
an AC environment. the test system detection thresholds were set to those
voltage limits during the AC parameters characterization.
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2.4.2.2 Disable Time Measurement Circuit

Two methods were considered for use in measuring the delay from the
output disadble (or chip disable) signal to the point at which the DUT
output reaches the high impedance state. One method measured the delay
from the disable signal to the point at which the output voltage has
changed by 0.5V as it transits toward the high impedance voltage from
a stable logic output voltage. The high impedance voltage is dictated by
the load circult of Figure 2.3 which was connected to the output when
making the measurement. This method of measurement yields values that to
a great extent rely on the RC time constant of the output circuit. Once
the output does turn off, the voltage on the output is the voltage seen
across the load capacitance which discharges through RH or charges
through RL and the diode to 2.5V depending on the logic state before
cutoff. This method of measurement can be automated and was thus chosen
for the MIL-M-38510 draft specifications developed as part of the
contract effort. This method does assume an output 1is disabled (after it
has changed by 0.5v) when 1t may actually still be partially enabled.
However. it provides a measurement value that indicates when the output
is at & resistive condition that can withstand an externally applied
voltage from another device output such as that found on a data bus.

The second method of measurement used the circuit shown in
Figure 2.4. This method measures the current flow from the cutput pin in
order to determine the point at which the current falls to zero. During
the measurement the DUT output was connected to the load circuit shown in
Pigure 2.3 via the series resistor RS. The resistor is used to develop a
voltage that is proportional to the output current. The resistance was
kept relatively small to minimize its effects on the voltage across CL.
Por most device types RS was 75 ohms when the measurement required the
output to transition from & logic zero to a high impedance state and
240 ohms when the measurement required the output to transition from
8 logic one to the high impedance state.

Figure 2.4 illustrates the scope probe locations for taking the turn
off delay measurements. Low capacitance probes were used. Also shown
are sketches of the resulting waveforms when both probe signals are
super imposed on one another using the identical vertical gain and zero
volt reference. Since the difference between probe 1 and probe 2
voltages indicates that output current is flowing, one can determine the
point at which the current falls to zero. This is the point at which the
output is effectively in the high impedance state.

This method also has an inherent problem. The parasitic capacitance
of the device output may continue to discharge long after the output has
cutoff. The discharge current through the series resistor is therefore
measured as output current by this method. A theoretical analysis has
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shown that for some various device types and output load conditions. this
discharge current can still be flowing after the ocutput voltage has
changed by 0.5v, the cutoff reference used by the other measurement
method. This current measurement is difficult to automate and experience
has shown that some judgement is required in identifying the precise
point at which the current stops flowing. 1In addition great care is
required in the calibration of the probes. A small adjustment error
results in a significant measurement error. An advantage of this
technique is that it yields values indicating when all current flow has
stopped, and thus indicates a "worst case” turn off time. The voltage
method does not provide a similar worst case number.

Data was taken on all device types using the current measurement
technique. For some device types the voltage method was also used.
The individual device sections discuss the data.

2.5 Pattern Sensitivity Testing

Several test patterns were utilized to take AC parameter
measurements at 25°C in order to identify patterns which result in the
greatest access times. The actual patterns used and the results are
discussed in the individual device sections. Por ROM device types. an
underlying objective was to verify that the row/column complement pattern
in conjunction with the data pattern like that of Figure 2.2 would be an
effective MIL-M-38510 specified pattern for assuring AC and functional
performance.

2.6 Programming Characterization Techniques

The objective of the program parameter evaluation was to apply
parameter values within and sufficiently beyond the manufacturers’
specified limits to verify that the limits are adequate. The
verification centered on program pulse width and amplitude. Por some
devices. time and ease of implementation permitted addressing pulse
transition times and assoclated setup and hold times. The following
subsections describe the various hardware technigues that were developed
for this phase of the characterization.

2.6.]1 BEPROM Programming Circuitry

The programming pulse applied to the VPP pin of the EBEPROM requires
a4 leading edge that follows an RC time constant. The circuit in Pigure
2.5 was installed on the SCA for the BEPROM in order to apply a selection
of rise times to the VPP pulse.

11




Vi -V""’l +4V

'
|
-

CR1

%uc

7404
$-3270 :— Q1
, 1K
]
- J

-||———-c| |-—-u—-

Cl = ,035%F
C2 = ,047uF
C3 = ,060uF
c4 = ,072uF

Figure 2,5 EEPROM Programming Circuit




13
T A, S - R M e
‘e ¥ l;"::’.,@j‘. A4 .. , ol

Four capacitor values are independently selected via relays
controlled by the 8-3270. with Ql cutoff. the appropriate capacitor
charging to V1 through the 10K ohm resistor provides a VPP pulse with the
desired rising edge at the emitter of 03. The width of the VPP pulse 1s
deterained Ly the length of time Ql is held in the cutoff condition. To
terninate the VPP pulse a logic low signal is issued from the 8-3270 to
the 7404 which in turn, applies a logic high to the Ql base resistor
causing Q1 to conduct. This action quickly discharges the selected
capacitor through the 294 ohm resistor. The 294 ohm value was selected
to provide a fixed VPP pulse fall time of approximately 10 to 30us
depending on the capacitor selected. 7The 7.1V supply provides a 5V DC
level to the VPP pin in the absence of a programming pulse.

2.6.2 EEPROM Endurance Circuitry

The circuit shown in PFigure 2.6 was implemented to interface the
HP1000 Dats Acquisition System to four EERPROMS during endurance testing.
The address, data, VPP and OR pins for each device were all driven from
common sources. During a read operation., chip erase. output enable and
program control inputs are at logic low values. This cuts off all
transistors forcing a logic low at all output enadble inputs and a logic
high (via the forward biased diode in the programming circuit) at all vep
pins. While enabling a single chip, the address inputs were cycled
through all locations and the data outputs were observed for the correct
data. Bach chip was individually selected and read in this manner.

buring a chip erase cycle the output enable control was forced to a
logic high value causing 02 to conduct. placing an approximate 5V level
on all output enable pins. All chips were enabled to allow a
simultaneous erasure. At the appropriate time in the erase cycle, chip
erase control is forced high causing Ql to conduct, connecting an
approximste 11.9V level on the output enable inputs thus initiating an
erase of all cells. After the desired length of time, chip erase control
is returned to a logic low terminating the erase mode.

To effect a program cycle, a single chip is enabled and the

TR TR PP e R Y

addresses are cycled through all locations. At sach address cycle the
desired data word is placed on the data 1I/0 bus and the program control
input is pulsed high. causing Q3 and 04 to conduct. The .06ur %
capacitor charges through the 10K oha resistor controlling the rise time &r

of the Q3 base voltage and, therefore. that of the VPP pulse. vhen the
program control goes low. the capacitor is quickly discharged through the
300 ohs resistor and the VPP voltage returns to the voltage resulting
from the diode clamp. All chips are programmed in sequence.
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2.6.3 16Kk Registered Output PROM Programming Circuitry

The schematic in Pigure 2.7 illustrates the circuit used on the SCA
to provide the program level voltage pulses to the output pins of the 16K
FPRON and the circuit used to supply & bilevel voltage pulse to the VCC
pin. A 8-3270 driver controlled by the softwere triggers the EM1501A
pulse generator. The generator cutput pulse, whose parameters are
selected by the softwere. is fed to the non-inverting imput of the
operational amplifier (op-amp). The op-amp. providing s gain of 2.4
controls the Q1 base voltage and thus controls the voltage applied to the
selected output pin via the common bus of the 8-3270. The V87 supply at
the collector of Q1 furnishes the bulk of the DUT current.

A second 8-3270 driver applies a bilevel voltage to transistor Q2.
The VCC pin of the DUT thus sees a bilevel voltage which is normally %V
but quickly pulses to 6V during fuse programming.

2.6.4 PAL Programming Circuitry

The PAL devices required multi-level VCC voltages at approximately
400mA during programming. The circuit in Pigure 2.8 was developed to
provide the necessary voltage levels and current capability. Pour 8-3270
drivers were wire OR'd at the base of Q1 as shown. Rach driver was
progreasmed to output a pulse of unique level, width and phase. The most
positive pulse currently applied sets the voltage seen at the VCC pin.

By proper selection of the four pulse parameters. the result at the VC
pin will be similiar to the waveform shown in Pigure 2.8.

15

iy




N —_— J—l

N —

EXTERMAL TRIGGER FOR P.G. \l

$-3279 SECTOR DRIVER

EN1501 PROGRAMMABLE
PULSE CENERATOR

L 4

vs?
Y —— - 0 OUTPUT PROGRAMMI NG
_/-L R2=6. 2K RI=15K ruLsSE
v L i 16v uow
250w
R« 4, 3k | OP-AMP al
L+
#n- @ T0 EACH
INDIVIDUAL
— OUTPUT VIA THE
© COMMON BUS
_VS6
Q2 @ $-3270 SZCTOR DRIVER

"
v = [

Yec REQUIRED Ve PROGRAMMING
puLse @ 250 mA (aw).

Ut
(280166) v— ——

Figure 2.7 16K FPROM Prograsming Circuit




—AS*Y

SurmeaBoxg Jvd 103 ITNOITH [0I3U0) A 8°Z 2anByryg

3

294

Al

SY9ITIvVd

' oLze-s

17

-y




3. 16K EEPROM

3.1 Introduction

The 2816 EEPROM is a 16,384 bit electrically erasable PROM device
ottered by Intel and National. The 2816 has the tollowing special
teatures:

1. 10mS bulk or byte erase in PC sockets
2. Programming in PC sockets
(10ms tor byte, 20s tor entire chip)
3. Non-volatile storage >10yrs
4. Pin compatible with previous PROMs
5. Moderate access time (250n8)

BEEPROM's use a tloating-gate tunnel-oxide process. In this process,
charge is stored on a polysilicon gate which is surrounded by a silicon
dioxide layer. The silicon dioxide layer provides excellent insulation
and ensures that charge stored on the gate will remain tor long periods
ot time(>10yrs). Erasing and writing in the cell is accomplished through
a thin oxide layer (200 angstroms thick) using an electron transter
mechanism called Fowler-Nordheim tunneling. This mechanism may be
explained as tollows: given a sutticient tield strength, electrons will
jump the torbidden gap and travel trom the gate to the substrate. This
process is bilateral and theretore can be used to both erase and write
into the cell.

From a user point ot view, 21 volts must be applied to the device
during erasing and writing to provide the necessary tield strength. when
a low potential is applied across the gate to substrate, the oxide layer
acts as a near pertect insulator. Charge stored will remain tor greater
than 10 years. The device can be read an unlimited number of times
without charge degradation. However, the number of erase and write
cycles that the device can withstand is not unlimited. Atter
approximately 10,000 cycles, the device's ability to store charge
degrades.

The 2816 memory is contigured 2K X 8. Intormation 1s stored in a
128-row, 128-column matrix. A two line chip-select(CS),output enable(ORB)
control architecture, similar to the older 2716 UV-EPROM. 1is used.

This type ot control architecture allows the device to have a power-down
standby mode and the capability to avoid bus contentions.

The 2816 can be bulk erased or byte erased. Both ot these
operations require a 10mS, 21V programming pulse. The rise time ot this
pulse must contorm to an RC time constant ot 600us (nominal) to prevent
damage to the device. WVWriting and erasing are identical except that
during erase. all “1°s are applied to the data lines.

18
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The two vendors characterized were Intel and National. They will
hencetorth be reterred to as Vendor A and Vendor B respectively.
Nilitary grade (883B) devices were procured trom Vendor A. Vendor B
supplied devices tested to the military temperature range (-35° to 12%5°C).
Table 1.1 displays the device quantities received as well as their date
codes and access times used in the characterization ettort.

Table 3.1 Devices Procured Por Characterization

Vendor Part dNo. Access Time Date Code Quantity
A 2816 230ns 8210 16
] 2816 230ns 8213 20

Nine devices were also received trom a third vendor. The parts have
a specitied access time ot 350ns. In the read mode the parts tunction
identically to the Vendor A and B parts and can also be programmed in the
same manner. The Vendor C parts have an additional teature that allows
prograsming using a logic low level on the VPP pin instead ot the 21V
pulse required tor the Vendor A and B parts.

Upon receipt ot the Vendor C devices, all were programmed with the
data pattern ot Figure 2.2 using the logic low programming voltage on the
VPP pin. They were then subjected to the incoming test and passed.
Several devices were then programmed using the 21V pulse mode but this
resulted in device tallure. Subsequent programming using the low voltage
mode was unsuccesstul. Several ot the remaining devices were subjected
to an endurance test tor 10,000 cycles. Subsequently random bits would
change to logic ones several minutes atter programming. It was assumed
that the tailures were due to a loss of the minimum level ot charge in
the attected cells. This may have been due to cell degradation during
endurance testing. Time did not permit tault isolation ot either of the
two tailure modes. Due to the large number ot detective devices, turther
characterization data was not taken.

Photographs ot the dies trom each vendor are displayed in PFigure
3.1. All photographs are to the same scale. Table 3.2 provides a
comparison in chip dimensions tor the three vendors. The device packages
characterized were 24 pin DIPS: the pin contiguration is shown in Figure
3.2.
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Table 3.2 16K EEPROM Chip Dimensions

Vvendor Length (mm) width (mm) Area (sq. mm)
A 4.95 3.63 17.97
B 5.49 3.20 17.%97
(o 4.72 3.%8 16.92

3.2 Incoming Tests

All Vendor A and Vendor B devices passed the 25°C incoming test
described in section 2.2. The data pattern of Pigure 2.2 was programmed
into each part. The row/column complement patterns were then executed
to verify address uniqueness.

3.3 DC Parameters

All DC parameters were measured at seven temperatures: -55, O, 25,
70, 100, and 125°C. The following parameters were characterized:

1. Supply Current Icc
standby and active at Vcc=5.5v

2. Input current IIH at VIH = 2.2v
IIL at VIL = 0.8V

3. Output leakage IOZ at Vin = 0.0V and 5.0V

4. Input/output Capacitance on all pins at 1lMhz
( 25°C only)

5. Input Thresholds VIL and VIH
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Table 3.3 lists the DC parameters specitied by Vendors A and B.

Table 3.3 Vendor Specitied DC Parameters
(Vendors A and B)

PARAMETER LIMITS UNITS
MIN  MAX
voe .5 5.9 v
1IN, IIL 10 uA
I0LZ, IONZ 10 uA
ICC(ACTIVE) 140 mA
ICC(STANDBY) 60 mA
IPP(READ) s A
VIL -0.1 0.8 v
VIH 2.2 v
VoL 0.45 v
I0L=2.1mA
VOH 2.4 v
IOH=~400uA

3.3.1 Leakage Current (IOLZ, IOHZ, IIK, IIL)

In general all measurements yielded low currents ot 50nA or less and
all measurements were well within the manutacturers specitications.

3.3.2 Logic Output Voltage (VOH,VOL)

All devices passed their specitied VOH limit at all temperatures
including the military extremes. Figure 3.3 suwmarizes the results tor
vendor A and Vendor B. Vendor A‘'s VOH was tairly tlat over temperature
while vendor B exhibited a signiticant increase at -55°C.

All devices also passed their specitied VOL limit at all
temperatures. Both Vendor A and Vendor B parts displayed a slight linear
dependency on temperature. Results are displayed in Figure 3.4.
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3.3.3 1Input Threshold Voltage (VIH and VIL)

For the VIL test the input levels were incremented down trom 5.0
volts until the threshold was detected. A tunctional test was run tor
each increment to determine it the device was tunctioning properly.
Simtlarly. tor the VIH test the input voltage was incremented up trom OV
until the threshold was detected. Vendor A and Vendor B's devices passed
the test with a worst case VIL ot 1.15v.

Both Vendor A and Vendor B devices pagsed the VIH test. Vendor A’'s
worst case VIH was 1.975V occurring at -55"C. This allows about 0.22V
noise margin relative to their 2.2v limit. Vendor B's worst case VIH
was 1.85vV at -55°C. This resulted in a 0.35V margin trom their VIH
specitied limit ot 2.2v. The dratt MIL-M-38510 limit was set at 2.0V.
As will be described later., the VIH thresholds ot the Vendor A devices
impacted the AC characterization results. The ditterence between the
worst case VIH and VIL values tor both vendors does not indicate
hysteresis. The worst case VIH occurred on a ditterent pin than the
worst case VIL.

3.3.4 Supply Current(ICC-Active and Standby)

The 2816 EEPROM operates in an active and standby mode. The device
is deselected when chip enable(CE) 1is a logic one. All devices were well
below the the spec limit ot 60mA tor standby current and 140 mA tor
active current.

Pigure 3.5 and 3.6 show min/max/average active and standby current
curves tor Vendors A and B. Although the active current ot the two
vendors® devices were similar, Vendor B parts exhibited a standby
current much lower than Vendor A. Vendor A's standby current was 22-29mA
over the range ot temperature, while Vendor B's was below 10mA. Both the
active and standby currents exhibit an inverse relationship with
temperature as 1s characteristic ot NMOS devices.

3.3.5 VPP Current (IPP-Read)

The programming current IPP was measured with VPP equal to 6 volts,
and CE and OB equal to VIH. Both Vendors specity the ... .mum IPP(read)
current as SmA. All parts passed.

VPP current was also measured with VPP equal to the 22V maximum

programming voltage. Figure 3.7 summarizes the results. All parts
passed the 15mA limit.
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3.3.6 1Input/Output Pin Capacitance

Capacitance measurements were performed on 5 devices from each of
Vendors A and B. Measurements were made from each pin to ground and from
each pin to Vcc. Table 3.4 lists the min/max/average measurements for
these parts. All measurements were within the manufacturer's limits.

Table 3.4a Vendor A Min.Avg.Max Capacitance

Pin Pin To Ground Pin To Vcc LINIT
Min Avg Max Min Avg Max

AO-AlO 2.8 3.4 4.8 2.7 3.7 4.8 10pF

1/01-1/08 4.6 5.1 6.0 4.5 5.0 5.8 i0pF

cB 3.6 3.6 3.6 3.6 3.6 3.6 lopr

oB 4.6 4.6 4.6 4.6 4.6 4.6 10prF

Table 3.4b Vendor B Min,Avg,Max Capacitance

Pin Pin To Ground Pin To Vcc LIMIT
Min Avg Max Min Avg HMax
AO-Al0 2.8 3.4 4.8 2.7 3.4 4.8 10pP
1/01-1/08 4.6 5.2 5.8 4.6 5.1 5.8 10pP
CE 4.7 4.7 4.7 4.7 4.7 4.7 10pF
OR 3.9 3.9 3.9 3.9 3.9 3.9 10pF
30
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3.4 AC Characterization

All AC parameters except output disable time were tested at seven
voltages (4.25, 4.5, 4.75, 5.0, 5.23, 5.5, 5.75) and six temperatures
(-5S, 0, 25, 70, 100. 125°C). A binary search method was employed to
determine the parameter value. The load circuit described in 2.4.2.1 was
connected to each output to provide the load during AC testing. Piftteen
devices trom each ot Vendor A and B were characterized. The parameters
were tested using an address complement pattern. Pattern sensitivity
testing. to be discussed in subsequent text, veritied that the address
complement pattern was one ot several ettective patterns tor AC
characterization. It was selected because its ease of implementation on
the S-3270 signiticantly reduced the characterization time required by
multiple test executions. Since address uniqueness had been veritied, it
was not necessary to use the row/column complement pattern which requires
much more S-3270 execution time.

The tollowing parameters were tested:
Address Access Time (TAVQV)

. Chip Enable Access Time (TRLQV)

. Output Enable Access Time (TOLOV)
Output Disable Time (TOHQZ)
Address To Invalid Out (TAXQX)

P WN -

Detinitions ot the AC parameter abbreviations are contained in
Appendix B.

Table 3.5 1ists the AC parameters characterized along with the
manutacturer’'s specitied limits. All AC measurements discussed in this
section except TOHQZ were made with output compare levels ot 2.4v
and 0.4v.

Table 3.5 - AC Characterization Parameters
SYMBOL PARAMETER VENDOR A VENDOR B
ADDRESS TO 350 250 n8
OUTPUT DBLAY
CHIP ENABLE TO 350 2% ns
DATA VALID
DATA VALID

OUTPUT BNABLE TO
HIGH IMNPEDENCE

SERE
:
E

OUTPUT HOLD
FRON ADORESS




3.4.1 Vendor A AC Parameters
3.4.1.1 MAddress Access Time (TAVNV)

The MIL-M-38510 dratt specitication indicates an address access
time ot 250ns. Vendor A's own limit is 350ns. The access time
sunmaries ot Pigure 3.8 indicate that Vendor A devices meet a 2%0ns
limit. The large ditterentials between each of the minimum, average.
and maximum plots illustrates in a general way. a wide variation in
device to device pertormance. Above 0°C the average access time
exhibits little sensitivity to VCC.

The Vendor A address access time data (and all Vendor A AC data)
was taken at VIH and VIL levels ot 2.4 and 0.4V. At 2.0 and 0.8v
levels the access time values were inconsistent and excessive. Since
their logic high thresholds were very close to the 2.0V logic high level
(see 3.3.3), a small amount ot tester ground noise caused the logic
threshold ot the DUT to rise above the 2.0V level being applied. Once
this was observed, the logic levels were adjusted to minimize the
ettect ot tester noise.

3.4.1.2 Chip Bnable Access Time (TELQV)

Figure 3.9 illustrates the chip enable access time
characteristics ot Vendor A devices over temperature at VCC=4.5 and
5.5V. As with address access time, the 250ns MIL-M-38510 dratt
specitication limit {s met. Here, also, the data illustrates wide
variation trom device to device. A close comparison between the plots
ot Figure 3.8 and those ot 3.9 indicates that chip enable access time
is slightly greater than address access time.

3.4.1.3 Output Enable Access Time (TOLQV)

Figure 3.10 is a summary of the output enable access time data at
VCC=4.5V trom the Vendor A devices. All parts easily met their 120ns
1imit. As with other AC parameters. output enable access time
increases with temperature which is indicative ot increased internal
resistances and thus increased time constants. The average data at
VCC=5.5V (not displayed) indicates an output enable access times ot S
to 15ns taster than at VCC=4.5 volts.

3.4.1.4 Address To Invalid Out (TAXQX)
This parameter is the delay time trom an address change to the point
at which the output begins to changs (become invalid) trom its then

current state. The Vendor A specitication is Ons, meaning that in the
extreme case the output reaction to an address change is instantanecus.
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Figure 3.10 - Vendor A Output Enable Access Time (VCC = 4,5V) ;
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During the automatic test. the output was considered invalid when its
logic output voltage dropped below 2.4V or rose above 0.4V. At VCC=4.5
and 5.5V the worst case delay was 21lns occurring at -55°C. Por both VCCs
the average delay was approximately 23ns at -55°C and increased linearly
with temperature to an average of 40ns at 125°C.

3.4.1.5 Output Disable Time (TOHQZ)

Data was taken with the bench circuit as described in 2.4.2.2. Both
Vendor A and Vendor B specify a turn off delay limit but neither are
specific on the criterium for determining when the output is in the high
impedance state. The bench data using the current measurement method was
taken on ten devices at 25°C. Vendor A devices exhibited delays of 10 to
20ns which are well within the 80ns Vendor and draft MIL-M-38510
specification limit.

The draft MIL-M-38510 specification requires that measurements be
taken using the 0.5V output change criterium as described in section
2.4.2.2. This method of measurement will result in values that depend to
a8 great extent on the RC time constant of the load circuit. The worst
case time constant occurs when the output is transitioning from a logic
high state to the high impedance state. Since the load resistor in this
case is 6Kohms and the load capacitance is S50pF. the output will take a
ninimum of 54ns to transition from 3.0V to 2.5V if the output transistor
is cutoff instantly. Any finite turn off delay of the output transistor
will increase the transition time. The 3.0V value is the approximate
average value across the entire temperature range for Vendor A devices.
Bven though the actual turn off time is less than or equal to the 10 to
20ns measured on the bench, the measurement criterium in the MIL-M-38510
document requires a limit at least greater than 54ns (greater if the
actual VOH level is lower than 3.0V).

3.4.2 vendor B AC Parameters
3.4.2.1 Address Access Time (TAVQV)

Figure 3.11 summarizes the address access time data for the
vendor B devices at VCC=4.5 and 5.5v. Except for the unusual behavior
of one device the data indicates a much smaller variation from device
to device than shown by Vendor A data. This data and all AC data for
Vendor B was taken while applying logic levels of 2.0 and 0.8V for VIH
and VIL respectively. Sample data taken at other logic levels did not
differ significantly from the corresponding data at 2.0 and 0.8v. It
was concluded., therefore. that Vendor B parts were not as susceptible to
tester noise as were Vendor A parts. As described in section 3.3.3,
the Vendor B devices have a logic high noise margin that is slightly
better than Vendor A devices.
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3.4.2.2 Chip EBnable Access Time (TELQV)

The chip enable access time data from the 15 Vendor B devices at
vcC=4.5 and 5.5V is summarized in Figqure 3.12. As with address access
time. Vendor B parts show less device to device variation than Vendor A
parts. Chip enable access times are also somewhat greater than
address access time. as they were for Vendor A.

3.4.2.3 oOutput Enable Access Time (TOLQV)

The summaries of data taken at vCC=4.5 and 5.5V in Figure 3.13
indicate that Vendor B output enable access time is significantly
influenced by VCC. BExcept for one device, the parts do meet the 120ns
limit.

3.4.2.4 Address To Invalid output (TAXQOX)

Figure 3.14 illustrates performance of the address to invalid out
delay at VCC=4.5 and 5.5V over temperature. The influence of temperature
was much more significant for vendor B parts than for Vendor A parts. Por
VCC=5.5V, the average value at 125°C, 6lns, is nearly 30ns greater than
at -55°C. The Vendor A change between temperature extremes was only
1ns.

3.4.2.5 Output Disable Time (TOHQZ)

Data taken on 10 Vendor B devices at 25°C with the bench circuit
described in 2.4.2.2 ylelded measurements of 10 to 20ns. As discussed in
3.4.1.5, the method defined in the MIL-M-38510 utilizes a 0.5V output
voltage change criterium described in 2.4.2.2.

3.5 Pattern Sensitivity Testing

Table 3.6 summarizes the address and chip enable access time data
taken with three different address patterns at 25°C from six devices of
each Vendor. Vendor A logic input levels were set to 2.4 and 0.4V for
VIH and VIL respectively. Vendor B input levels were 2.0 and 0.8v.
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Table 3.6 Pattern Sensitivity Result Summary (average of six devices)

Gallop Address Complement Row/Column Complement
vee 4.5 5.% 4.5 5.5 4.3 5.9
vendor A
TAVOV 126ns 125ns 126ns 121ns 12Tns 119ns
TELOV 135 130 130 12% 128 124
Vendor B
TAVQV 137 125 133 122 134 124
TELOV 172 140 170 138 170 138

Although row complement and column complement are two distinct
patterns. they were always treated as a single pattern set and run
concatenated. The access time values given in Table 3.5 are the worst
case values that allow both row and complement patterns to pass.

Vendor A devices show slightly more sensitivity to Gallop than to
the other two patterns. The sensitivity was not considered significant
enough to warrant inclusion of the pattern in the MIL-M-38510 draft
specification. Vendor B devices show almost negligible differences
in data taken with the three patterns.

The row/column complement patterns were specified in the draft
specification because a single execution of both is fast (equal to
8192 x cycle time) and will verify address uniqueness when used with
the data pattern described in 2.4.1.3.

3.6 Programming Parameters

The objective of the programming parameter evaluation was to verify
adequacy of the manufacturers' limits. These are listed in Table 3.7.
Various programming parameter conditions were applied to each of five
devices from both vendors. The values selected for each parameter are as
follows:
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1. Programming Voltage RC Time Constant (TPRC)
339us, 470us, 600us, 720us

2. Programming Voltage (VPP)
18v,20v,21v,22v

3. vWrite Pulse Width (TPHPL)
SmS,9mS, lOmS, 1 1nS

4. Address to VPP Setup Time (TAVPH)
75nS.100ns, 12508, 150nS

5. Chip Bnable to VPP Setup Time (TELPH)
75ns, 100nS, 125nS, 150nS

6. Data to VPP Setup Time (TDVPH)
~25n8,0ns, 25n8, 50nS

Table 3.7 vendor Specified Limits for Programming Parameters

PARAMETER VENDOR A VENDOR B UNITS
MIN @ MAX MIN MAX
TPRC 450 600 450 600 ns
VPP 21 22 21 22 v
TPHPL 9 13 9 1% ns
TAVPH 150 150 ns
TELPH 150 150 ns
TDVPH 0 0 ns

while the selected values for one parameter were applied, all other
parameters were held at their respective nominal values. The conditions :
1isted above were applied at VCCs of 4.5, 5.0, and 5.5V at temperatures i
of 25, -55, and 125°C. Table 3.8, which summarizes the results.
indicates that the vendor programming limits are more than adequate.
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Table 3.8 Vendor A, Vendor B - Number of Passing Devices for

various Programming Conditions at VCC = Sv.

Parameter
(at fixed
value)

TPRC (359%9us)
TPRC (470us)
TPRC (600us)
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VPP (18v)
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VPP (21V)
VPP (22V)

TPHPL (Sms)
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TELPH (75ns)
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3.7 Chip Brase

Chip erase is achieved by raising the output enable to 9V, enabling
the device and applying VPP for a specified duration while the data
inputs are held at logic 'l’'. 8ince chip erasure depends basically on
the duration of the write pulse width (TPHPL), the following test
sequence was applied:

Program device at 9ms VPP pulse width.
Brase device at 9ms VPP pulse width.
Program device at 70ms VPP pulse width.
Brase device at 9ms VPP pulse width.

L 2N S

Two conditions (vendor minimum and maximum limits) of VPP were
applied while programming to obtain the best and worst case amount of
charge in the programmed cells. The minimum limit of VPP during erasure
proved to be adequate to completely erase all cells.

3.8 Endurance

Pour devices from each vendor were tested for endurance. This test
consisted of cycling the devices 10,000 times. Rach cycle was comprised
of the following sequence:

1) EBrase (all cells in 'l' state)

2) Verify erasure (every 250th erasure cycle)
3) Program (all cells in '0’' state)

4) Verify program (every 250th program cycle)

It was surmised that if a true endurance failure occurred it would
be due to a 'stuck at' condition in one or more cells. For this reason
and because of data recording limitations, the programming and erasure
verification was performed every 250th cycle. In this way the ‘hard'
failures that occurred in previous cycles would still be present when
verification was performed.

Vendor A and Vendor C devices were subjected to the endurance test
and displayed no cell failures over the 10,000 cycles. At the first
program verification (after 250 cycles). numerous failures were detected
in vendor B devices. The failures were not repeatable at each
consecutive 250th cycle verification and the failures that were detected
were not necessarily the same as detected in previous verifications.
Since the falilures were inconsistent, it is assumed that they were not
related to cell endurance. 1t is suspected that the failures were due to
a defect in the internal programming circuitry.
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3.9 Bake

R 150°C bake cycle was applied to six devices from each of Vendors
A and B. The total time at 150°C was 96 hours. The data pattern in
Figure 2.2 was programmed into each device prior to the bake. Subsequent

functional testing at 25°C verified that all devices continued to retain
the correct data pattern.
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4. 32X rpROM
4.1 Introduction

The 32X FPROM i3 a 32,768 bit schottky, bipolar, field programmadble
read-only memory configured 4K X 8. Peatures include dual chip enable
controls, tri-state outputs, and single +5V operation in the read mode.
The tri-state data outputs give the device full bus interface capability.

Vendor D{(Harris) and Vendor E(Raytheon) devices employ nichrome
(Nicr) fuse technology. Devices from Vendors D and B are manufactured
storing a logical “1" (Positive Logic) and can be selectively programmed
for a logical "0" in any bit position. Vendor F (Monolithic Memories
Inc.) utilizes titanium-tungsten (TiV) fuse technology. Devices from
Vendor F are manufactured storing a logical "0". Any bit can then de
programmed for a logical “1°.

Nilitary grade DIP versions of the devices were received from the
vendors for the characterization effort. Table 4.1 summarizes the
manufacturer. quantity received, access time. part number, and date code.

Table 4.1 Devices Procured for Characterization

Vendor Part No. Access Time Date Code Quantity

D HM-76321-2 85ns 8209 18
D HM-76321-2 85n8 8251 15
[ ] R29671DMB 100ns 8304 25
r 53832810 60ns 8301 15 2

All Vendor D and B devices were received in an unprogrammed state. :
Vendor F devices were pre-programmed by the manufacturer.

Table 4.2 provides a comparison in chip dimensions for the two ! 1
vendors. Photographs of a die from each vendor ere in Pigure 4.1. All 5
photographs are to the same scale 50 that a visual size comparison can be
wade.

Table 4.2 32X FPROM Chip Dimensions

Vendor Length (mm) width (sm) Area (sq mm)
D 4.39 3.08 22.30
[ § 5.84 4.%2 26.40
r 5.0 5.72 as.Nn

The devices provided for the characterization were packaged in 24
- pin DIPs. FPigure 4.2 displays the pin configuration which is the same
by for all three vendors.
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Pin 1
||‘|‘||"‘|“““|““|“““‘|‘I Pinl
Vendor D
Pin 1

Vendor E

Vendor F

Figure 4.1 Die Photos - 4Kx8 FPROM (14.84X)
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Rl 23

A7 1 24 B vece
A6 d 2 23 b A8
A5 3 22 B A9
M g4 21 P Al0
A3 5 20 P CEl
A2 e 19 b a1l
Al 7 18 P CE2
Af I8 17 pos
o1 9 16 b o7
02 10 15 P o6
03 o 11 14 bos
GNDCd 12 13 Pos

Vendor D, Vendor E, Vendor F

Figure 4.2 32K FPROM Pin Configuration




4.2 Incoming Tests

Devices from Vendors D and E were subjected to an incoming test to
verify that all bits were in the unprogrammed state. In addition, the
following DC parameters were tested to ensure device integrity before
programming: 1ICC, IIH, IIL. IOHZ. IOLZ., VIC and VOH.

All devices procured from Vendors D and E passed the incoming test.
Because the devices from Vendor F were received pre-programmed, they did
not undergo an incoming test., but were immediately subjected to the DC
characterization.

4.3 DC Parameters

DC Parameters were characterized using the methods described i
section 2.3 and the individual sections that follow. DC Parameter
testing was performed on sixteen devices from vendors D and B and
fifteen devices from Vendor F.

Table 4.3 lists the DC parameters and test conditions specified by
each of the three vendors.




o

Table 4.3 Vendor Specified DC Parameters
vendor D vendor B Vendor P
Symbol Parameter Min Max min Max Min Max Unit
I1CC  Supply Current 190 195 190 mA
VCC Supply Voltage 4.5 5.5 4.5 5.9 4.5 5.8 \'
VIC Input Clamp -1.2 -1.5 -1.% \'
Voltage Iin=-18mA Iin=-]18mA Iin=~-18mA
IIL 1Input Leakage ~100 -250 -250 uA
Current VIL=0.45v ViL=0.4v VIL=0.4V
IIH Input Leakage 40 100 40 ulh
Current VIH=VCCMAX VIH=sVCCMAX VIH=VCCMAX
VIL Low Level 40.8 0 +0.8 +0.8 \'/ :
Input Voltage {
VIH High Level 2.0 2.0 5.5v 2.0 v
Input Voltage :
I0OLZ Output Leakage -40 -100 -40 uA
Current VOL=0.3V VOL=0. 45V VOoL=0. 4V -
IOHZ Output Leakage 100 100 40 uA 7
Current ‘
VOL Low Level 0.5 0.5 0.5 v ;
Output Voltage I0L=16mA I0L=16mA IOL=16mA 2;
VOH High Level 2.4 2.4 2.4 v
Output I0H=-2mA IOH=-2mA I0H=-2mA =
Voltage
108 Output Short -19% -100 -12 -85 -20 -90 mah
- Circuit VOUT=0vV vouUT=0.2v VOUT=(0V
Current

-~




4.3.1 Leakage Current

Input leakage currents, IIH and IIL, were measured at -55, 0, 25,
70, 110 and 125°C for the three vendors. No fallures were detected and
all measured currents were well below manufacturer specified limits.

Output leakage currents, IOHZ and IOLZ., were also measured at the
six temperatures. All measurements of IOHZ and IOLZ were found to be
well within manufacturer specified limits.

4.3.2 Logic Output Voltage (VOH, VOL)

All devices passed the specified VOM limit at 55, 0. 25. 70, 110
and 125°C. Pigure 4.3 summarizes the average VOH values for each vendor
under the same output current condition (-2.0mA). All vendors' devices
exhibited a linear VOH, that increased slightly with temperature.

The specified VOL 1imit for all vendors 1s 0.5V at IOL = 16mA.
However ., Vendors D and F had previously indicated that the slash sheet
specification should be 0.5V at IOL = 8mA. PFor this reason, all devices
were characterized with IOL = 8mA. As Figure 4.3 fllustrates, VOL values
decreased linearly as temperature increased, with vendor F exhibiting
slightly lower values of VOL than vendors D or E. Because the values of
VOL for all vendors were well below 0.4V, this value was recosmended as
the specified VOL limit at IOL = 8mA in the preliminary slash sheet.

4.3.3 1Input Threshold Voltage

Threshold voltages(VIH and VIL) were measured on each input pin of
every device using the methods described in section 2.3. Pigure 4.4
summarizes the average input threshold voltages of each vendor over the
military temperature range. The results are typical of bipolar devices,
demonstrating a fairly stable linear response from each vendor.

The affects of input logic levels on output access times are dis-
cussed in the individual vendors’' AC parameter section.
4.3.4 Supply Current (ICC)

The supply current measurements were performed at -55. 0, 25,
70, 110 and 125°C under the following conditions:

1) veCc = 5.5v

2) VIL = 0.0V applied to all inputs
3) Outputs open
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Average values of ICC versus temperature are shown in Pigure 4.5. As
the plot indicates. all supply current measurements were well within
vendor specified limits and are typical of bipolar devices over the
military temperature range.

4.3.5 Input/output Pin Capacitance

Capacitance measurements were performed on selected pins of six
devices from each vendor. Table 4.4 lists the average minimum and
average maximum measurement data. Vendor D was the only vendor to
specify limits. Vendor D parts tend to have a lower capacitance per pin
than Vendors € and F and fall within their maximum specified limits.

Table 4.4a Vendor D Avg. Min., Avg. Max. Pin Capacitance

Pin Avg. Nin. Avg. Max. Limit Unit
AO-AlL 6.0 8.6 8 pr
01-08 8.9 9.9 10 pr
CcEl 5.0 5.1 8 pr
CE2 7.0 7.2 8 pP

Table 4.4b Vendor B Avg.'lun.. Avg. Max. Pin Capacitance

Pin Avg. Min. Avg. Max. Limit urit
AO-All 7.1 9.6 Not Available pF
01-08 14.8 15.9 Not Available pF
CEl 9.% 9.7 ot Available pF
CB2 6.4 6.7 Not Available pP

Table 4.4c Vendor F Avg. Min.. Avg. Max. Pin Capacitance

Pin Avg. Min. Avg. Max. Limit Unit
AO-Al} 6.4 11.9 Mot Available prF
01-08 8.6 9.6 Not Available pF
CRl 9.3 9.6 Mot Available pF

5.5 16.0 Not Available »pPF

v CcR2 1

g s s L Y e L

4.3.6 Input Clamp Voltage (VIC)

Input clamp voltage test results exhibited a typically linear
variation over the temperature range. Table 4.5, listing average input
clamp voltage measurements at -53, 25 and 125°C, demonstrates this

£ linearity. There were no VIC failures and all measured voltages were
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well within manufacturer specified limits.

Table 4.5 Average Input Clamp Voltage

Vvendor -55°C 25°C 125°C Units
D 603.4 489.4 380.9 Y
B 560.3 529.4 406.3 v
F 445.0 383.0 283.5 | ']

4.3.7 omtput Short Circuit Current (10S)

Output short circuit current was measured over the entire
temperature range with vcC = 5,5v. Figure 4.6 shows the average IOS
for each vendor.

Devices from Vendors D and F experienced no failures and responded
linearly over the temperature range. Although the average values of
output short circuit current for Vendor F were 20mA to 40mA higher than
vendor D or Vendor E. these values were stil]l well within the vendor's
specified limit.

Vendor E exhibited linearity at lower temperatures, but a slight
anomaly appears at the higher temperatures. Two devices exceeded the
vendor's maximum limit of -85mA at 110°C and 125°C. However, at least
one output on each device from Vendor E exhibited IOS values of less than
-12mA at temperatures of 110°C and above. Repeated execution of 108
tests on the same devices resulted in erratic readings. sometimes passing
well within the limits, sometimes failing with an I0S less than the
ainimum limit.

Discussions with Vendor B revealed that the upper transistor in the
totem pole output occasionally turns off when OV or a slightly negative
voltage is applied. when the internal signal level feeding the output
gate is close to the input threshold of the gate, the drive that turns
on the upper transistor at the output is very weak. Wwhen OV is applied
for the 105 test, the drive to the upper transistor is degraded via the
base-collector junction of the lower transistor. The degradation is such
that the upper transistor is cut off or nearly cut off, thus reducing the
short circuit current.
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4.4 AC Characterization

Timing parameters of each vendor were characterized under the
following test conditions:

1) Temperature = -55, 0, 25, 70, 110, 125°C
2) VvVCC = 4.5v, S5.5v

3) VIH = 2.0v, VIL = 0.8V (case 1)

4) VIH = 2.4V, VIL = 0.6V (case 2)

All AC measurements discussed in this section were made using a
binary search method with output compare levels of 2.4V and 0.8V. A 0.4V
VOL compare level was initially used. However, it was determined that
all three device types exhibited a perturbation on each output when
transitioning to a logic low voltage. The perturbation., due to an
impedance mismatch between the device output and the $-3270 tester,
caused the output low level to momentarily rise above the 0.4V compare
level before settling down to a steady state value. The test pattern
used was a full address complement pattern. Table 4.6 lists the AC
parameters that were characterized and the manufacturer specified limits.
Refer to Appendix B for timing parameter abbreviations used in this
section.

Table 4.6 Vendor Limits for AC Parameters

Vvendor D Vvendor E Vvendor F
TAVQV 85ns 100ns 60ns
TELOV 40ns 50ns 35ns
TEHOV 40ns 50ns 3I5ns

4.4.1 Vendor D AC Parameters

Sixteen devices from Vendor D were tested. Al]l Vendor D devices
were well within their specified limits for each parameter over the
specified temperature range.
4.4.1.1 Address,Chip Enable 1l.and Chip EBnable 2 Access Times

Figure 4.7 summarizes the measured results of address access time
(TAVQV) at VWCC=4.5vV and VCC=5.5v. Rach set of three points at one
temperature represents minimum({min). average(avg). and saximum(max)
weasured parameter values for sixteen devices.

The plots of (TAWNV) for both cases of VCC display similar trends.
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Figure 4,7 Vendor D - Address Access Time vs, Temperature
for Case 1 Logic Levels
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While decreasing slightly as temperature increased from -55°C to 2%°C,
access times were quite stable, varying only 10ns over the temperature
range at both VCC=4.5V and VCC=5.5V. Access times were approximately
15ns faster at the higher VCC, but all measurements were within the
specified limit of 85ns.

Both plots of FPigure 4.7 are for case 1 logic levels. Plots of
TAVQV for case 2 logic levels were omitted due to their similarity to
case 1.

Chip enable access times are plotted in Figure 4.8(TELOV) and
Pigure 4.9(TEHQV). Once again, case 2 plots are omitted due to their
similarity to case 1.

As with address access time measurements on these devices. chip
enable access times (both TELQV and TEHQV) exhibit little sensitivity
to temperature change. As little as 10ns variation is seen when
temperature is increased from -55°C to 125°C. A 10ns to 15ns decrease
in both TELQV and TEHQV 1is noted as VCC is increased from 4.5V to 5.5v.

4.4.2 Vendor B AC Parameters

Sixteen devices from Vendor E were tested under the conditions
described in Section 4.4. While no address access time failures occurred
during testing., chip enable access time failures were common to all the
devices.

4.4.2.1 Address,Chip Enable l.and Chip Enable 2 Access Times

Figure 4.10 displays the summarized results of address access time
(TAVQV) measurements at VCC=4.5V and VCC=5.5V for case 1 logic levels.
At these access times at both VCC's exhibit simélar trgnds. TAVQV
decreases as the temperature increases from -55 C to 0 C, then increases
with temperature from 0 C to 125%c. Despite this slight increase in
TAVQV, all devices from Vendor E were well within the Vendor specified
limit of 100ns when tested at both values of VCC and case 1 logic
levels.

Address access time results for case 2 logic levels at VCC=4.5V are
shown in PFigure 4.11. Once again, all devices were well within Vendor's
l1imits, with very little variance in access time (less than 15ns) over
the military temperature range. Due to its similarity to case 2 at
VCC=4.5V, a plot of case 2 at VOC=5.5V is omitted.
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Figures 4.12 and 4.13 summarize chip enable access times, TELQV and
TEHQV, at two VCC levels and both cases of logic levels. Both parameters
exhibit almost identical trends with respect to the test conditions.
Therefore., the following analysis applies to both TELQV and TEMQV.

All vendor E devices experienced chip enable access time failures
with VCC=4.3V at case 1 logic levels. As Figures 4.12 and 4.13
illustrate. the average values of TELOV and TEMQV exceed the Vendor's
limit of 50ns by Sns to 15ns. However., when VCC is raised to 3.9v.
access times at -53°C to 25°C are reduced 20ns to 30ns. Above 25°C
access times again increase with temperature. Five devices failed TELQV
at 125°C., but the average values of both TELQV and TEHQV are 20ns to 30ns
less at VCC=5.9%v.

vhen case 2 logic levels are employed (Figures 4.14 and 4.15). the
results are similar to case 1. All devices experienced failures at the
lower VCC, particularly at lower temperatures. However. all devices
were well within the Vendor's limits when VCC is raised to 5.5V. Also,
case 2 logic levels appear to stablilize the access timi: with respect to !
temperature. Very little change in TELQV and TEHQV is noted when case 2
levels are applied.

In summary, supply voltage significantly affects chip enable access
times. Lower values of VCC result in access times which exceed the
manufacturer's limit regardless of logic levels. The logic levels
themselves, however, do impact access time measurements. A sensitivity
to higher temperatures appears when case 1 logic levels are used
resulting in higher access times at high temperature. '

4.4.3 Vendor P AC Parameters

AC parametric testing was performed on fifteen devices from Vendor F
under the conditions described in Section 4.4. Several devices 3
experienced address access time and chip enable access time failures.

4.4.3.1 Address.Chip Enable l,and Chip Enable 2 Access Times

Bight devices failed to meet the Vendor's limits for both address
access time (TAVV) and chip enable 1 access time (TELQV) at -55°C.

Figures 4.16 and 4.17 summarize TAWNV measurements. The plots
indicate a sensitivity to case 1 logic levels at the temperature
extremes. Eight devices failed at -53°C with VCC=4.5V and case 1 logic
levels. Under these same conditions. only one device failed TAVV at
125°C. vhen VCC was raised to 5.%v, all devices passed, but access times
at -55°C and 125°C were still . 10ns to 15ns slower than those at 25°C.
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When case 2 logic levels were employed., however, all fifteen devices
demonstrated very little sensitivity to temperature variance and access
times were well below the Vendor limit of 60ns.

All Vendor F devices also passed chip enable 2 access time (TEMOV)
testing. As the tight grouping of the minimum. average, and maximm
plots in Figure 4.18 indicate, TRHQV varies little from device to device
across the entire military temperature range at both supply voltage
levels at case 1 logic levels. Results for case 2 logic levels were
similar.

Measurement of chip enable 1 access times revealed a sensitivity to
input logic levels similar to that which affected address access time.
In this case (see Figure 4.19), eight devices ylelded TELQV times greater
than the Vendor's limit of 35ns. These fallures all occurred at -55°C
when VCC=5.5v and case 1 logic levels were used. Reducing the supply
voltage to 4.5V resulted in all devices falling well within menufacturer
specified limits. The use of case 2 logic levels also resulted in
extremely stable access times across the entire temperature range at
both levels of VCC. Pigure 4.20 displays TELQV results for case 2 at
VCC=5.5V, Case 2 plots of TEBLQV when VCC=4.5V are omitted due to their
similarity to case 2 at VCC=5.5v,

4.4.4 Output Disable Time (TOHQZ)

Output disable time data was taken using both methods described i
Section 2.4.2.2. Six devices from each vendor were tested. Although
slight differences in disable time measurements were noted between the
two methods. these differences were consistent from device to device from
each vendor and all values were within the particular vendor's specified
limits.

Tables 4.7a and 4.7b list average disable times, vendor and method
of measurement employed.
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Table 4.7a Output Disable Time - Output initially at VOH

Vendor Average Disable Time Units
(Zero Current) (-0.5Vv)

D 18.5 23.17 nsec

B 18.5 24.7 nsec

[ 19.0 24.3 nsec

Table 4.7b Output Disable Time - Output initially at VoL

Vendor Average Disable Time Units
(Zero Current) (+0.5v)

D 35.0 27.5 nsec

E 27.2 23.5 nsec

1 .4 25.2 22.3 nsec

4.4.5 AC Characterization Summary

Bach vendor was tested under identical conditions. Vendor D was
the only vendor of the three whose devices were able to meet their own
specified limits for each AC parameter over all conditions. Vendor E
exhibited sensitivity to supply voltage levels, while Vendor F was
sensitive to input logic levels at the military temperature extremes.

In general. the address access tiwmes exhibited by Vendor F devices
were faster than Vendors D and 8. However, eight devices from Vendor F
failed to meet the vendor's specified limit at -35°C, 4.5V and case 1
logic levels.

Chip enable 1 access times of Vendor E were greater than those of
both Vendors D and F. All Vendor B devices exceeded the vendor's limit
at 4.5V. Bight devices from vendor F falled at -35°C, 5.5V and case 1
logic levels.

The chip enable 2 access times of Vendors D and F were also faster
than those of Vendor E. All Vendor E devices again exceeded the vendor
limit at 4.9v.

Output disable time measurements for each vendor exhibited no

significant differences between vendors. All TOHQOX values were within
the vendor's specifications.
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4.5 Pattern Sensitivity

March, Row/Column Complement and Gallop test patterns were applied
to six devices from each vendor at 25°C to determine their address access
time sensitivity at VCCs of 4.5 and 5.9 volts. The following cases of
logic levels were used in this test.

CASB 1: VIH = 2.0V, VIL = 0.8V
CASE 2: VIH = 2.4V, VIL = 0.6V

Table 4.8 displays worst case access times for the three test
patterns at each set of logic levels. Bach value in the table represents
an average access time of the six devices from sach vendor. From the
table there 1is no appreciable change in access time values from one
pattern to another. 1In each case, the access time for the Gallop pattern
is slightly higher than the March or Row/Column Complement values. To
isolate an access time limit using the March and Row/Column Complement
test required approximately 3-5 seconds. The Gallop test required up to
5 minutes to isolate a limit. The Gallop test has frequently been con-
sidered worst case since a transition occurs between every possible pair
of addresses. The Row/Column Complement test generates more decoder
activity per cycle than the BMarch test and requires significantly less
execution time than the Gallop test. Por this reason. Row/Column
Complement test patterns are recommended for the slash sheet.

No appreciable change in TAVQV for Vendor D, B, or F was observed
between logic levels. Vendor F displayed no appreciable change in access
time due to increasing VCC from 4.5 to 5.5V. Vendor D and B access times
were 10 to 15 ns greater for VCC = 4.5v.
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Table 4.8 Pattern Sensitivity Result Summary

Vendor D TAVQV, CASE 1 TAVQV, CASE 2
VCC=4.5vV  VCC=5.5v VCC=4.5%V  VCC=$%.5v
March 52.7 43 52 42
Row/Column Complement 52.5 41.9 52 41.6
Gallop 52.8 43.2 52.2 42.3
Vendor B TAVQV, CASE 1 TAVQV. CASB 2
VCC=4.5V  VCC=5.5V VCC=4.5V  VvCC=5.5v
March 60.2 46.8 61.8 46.7
Row/Column Complement 59.4 42.3 60.6 46.4
Gallop 61 47.8 61.9 47
Vendor F TAVQV, CASE 1 TAVQV, CASE 2
VCC=4.5V VCC=5.5V  VCC=4.5V VCC=5.,5Vv
March 36.2 33.2 35.5 32.7
Row/Column Complement 36.2 33.1 35.7 32.9
Gallop 37.2 33.8. 35.8 33.6

4.6 Programming Parameters

Testing of selected programming parameters was performed on six
devices from both vendor D and Vendor B at 25°C. Devices from Vendo: F
were pre-programmed by the manufacturer, therefore characterization of
programming parameters was not performed on these parts.

Programming parameter testing consisted of fixing the parameter to
be tested at a value that would verify the manufacturer's limits. This
was performed while keeping the other programming parameters at a nominal
value. A Dlock of 128 byte locations was then programmed and verified.
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4.6.1 Vendor D Programming Parameters

Vendor D programming parameters and the values they were verified at
are as follows:

1. Output EBnadble Voltage During Programming (VOPER) 8.5V, 10.5v. 12.5v
2. Output Enable Voltage Pulse Vidth (TP) 70usS., 100usS, 120us
3. Voltage to VWCC During Programming (VPH) 10.0v, 12.0v, 13.0v

Table 4.9 lists the manufacturer's specified limits of the
programming parameters that were characterized.

Table 4.9 Vendor D Specified Limits for Programming Parameters

Parameters Minimum Maximum Units
VOPR 10.5 11.0 \'4
™ 90.0 110.0 us
VPH 12.0 12.% v

All six devices from Vendor D were programmed and verified at the
indicated parameter test values. Reducing VOPE below 8.5V or VPH less
than 10.0V resiulted in numerous programming failures. Pulse width (TP)
has little affect on programmability as TP was reduced to as little as
10us with no failures.

4.6.2 Vendor E Programming Parameters

Vendor E programming parameters and the values they were verified at
are as follows:

1. Programming Voltage on Output Pin (VOUT) 16v, 20v, 30v
2. Programming Voltage on Programming Pin (VPP) 2¢v, 27V, 35V
3. Output Pin Programming Voltage Pulse width (TP) 0.1luS. 30usS, 64us
4. VCC During Programming (VCC) 4.2V, 4.5V, 5.5

Table 4.10 lists the vendor's specified limits for the programming
parameters that were tested.

Table 4.10 Vendor B Specified Limits For Programming Parameters

Parameter Minimum Max imum Units
vOouUT 20 26 v )
VPP 27 33 \' i
™ 1 40 us :
Ve 5.4 9.6 v
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All six devices from Vendor B programmed and verified normally at
the indicated test values. Supply voltage level and pulse width had no
affect on programmability. Reducing VOUT to less than 16V or decreasing
VPP below 24V resulted in numerous programming failures.

4.7 sBurn-In

All devices from each vendor were subjected to a dynamic burn-in at
125°C for 160 hours. Bach device was then retested(AC and DC) at 25°C.
one device from Vendor D suffered a functional failure associated with
several addresses. All other devices from each vendor were unaffected by
the burn-in.




5. 64K UV-EPROM
5.1 1Introduction

The 2764 UV-EPROM (ultraviolet erasable PROM) iz a 65,536 bit static
N-channel MOS erasable and reprogrammable read only memory. Special
features include separate output (OE) and chip enable (CE) control lines
and single +5V operation in the read mode. One other supply (+21V) is
needed for programming.

Rach device utilizes a transparent quartz 1id which allows
ultraviolet erasure. The eight tri-state data outputs allow connection
of several devices to a standard microprocessor bus. All inputs can be
driven by standard TTL circuits without the use of external pull-up
resistors, and each output can drive one standard TTL circuit without
external resistors.

Commercial grade devices were procured from two vendors for the
characterization effort. Vendor A refers to the Intel Corporation and
Vendor G is a Japanese vendor, Fujitsu. The Fujitsu parts were provided
to RADC by the vendor and were characterized to help assess the
technology and perhaps make some comparison to the Intel part. Table $.1
summarizes the quantities of devices received, date code and specified
worst case access times.

Table 5.1 Devices Procured For Characterization

Vendor Part No. Access Time Date Code Quantity
A MD2764-4518 450 8220 20
A MD2764-451B 450 8225 10
G MBM2764-25 250 8149 25

Table 5.2 provides a comparison in chip dimensions for the two
vendors. Photographs of a chip from each vendor are in Figure 5.1. Both
photographs are to the same scale so that a visual aize comparison can be
nade.

Table 5.2 64X UV-EPROM Chip Dimensions

Vendor Length (mm) vidth (mm) Area (sq. mm)

A 3.63 3. 14.19
G 4.32 5.91 23.80
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Vendor A

Pin 1—-

Vendor G

Figure 5.1 Die Photos - 8Kx8 UV-EPROM (14.84X)
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The devices provided for the characterization were packaged in 28
pin ceramic DIPS. PFigure 5.2 displays the pin configuration for each
vendor .

5.2 1Incoming Tests

The incoming test verified the integrity of esch bit by pro-
gramming and erasing the devices with checkerboard and inverse checker-
board patterns. S8ix of the 30 devices from vendor A did not pass the
incoming test. The devices from Vendor G exhibited no incoming failures.

5.3 DC Parameters

Table 5.3 lists the DC parameters and test conditions specified by
each of the two vendors. PFor the DC characterization the vendor
specified conditions were applied, except during the supply current
measurements. Both vendors specify a 5.23V maximum supply voltage limit.
Since the slash sheet will specify & VCC range of 4.3V to 5.5V, the
characterization applied 5.3V to all devices during the supply current
seasurements. The DC Parameters were measured at -55, 0, 25, 70, 100 and
125°C.
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vep O 1 28 Fvcc
A2 92 27 BPoM
A7 Q3 26 pN.C.
A6 4 25 [a4As
A s 24 F1A9
A He 23 Pan
A3 97 22 BIOE
A2 o8 21 B Alo
' Al 9 20 B CE
A 10 19 po7
o8 {1 18 P o6
o1 12 17 b os
02 H13 16 [J104
CND O} 14 15 o3

Vendor A, Vendor G

Figure 5.2 64K UV-EPROM Pin Configuration
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Table 5.3 vVendor Specified DC Parameters

Vendor A Vendor G

Symbol Parameter Nin Max Min Max Units

vce supply Voltage 4.7% 5.2% 4.7% 5.2% \'"

IcC) Supply Current 40 3 mA
(Standdy)

IcCc2 Supply Current 100 150 )
(Active)

1PP1 VPP Supply -] 13 mA
Current (Read)

IIL.IIH Input Leakage 10 10 uA
Current

1002, Output Leakage 10 10 Ul

I0HZ Current

VvIL Low Level Input -0.1 +0.8 -0.1 +0.8 v
Vvoltage

VIH High Level Input 2.0 VCC+1 2.0 veC+l v
Voltage

VOL Low Level Output 0.45 0.4% v
voltage IOL=2.1mA IOL=2.1mA

VOH High Level Output 2.4 2.4 v
Voltage I0H=-400uA ION=-400uA

5.3.1 Leakage Current

No leakage current failures were found and all measured currents
were well below the manufacturer's specified maximum limit of 10uA.

Output leakage currents were also within the manufacturer's
specified limit of 10uA.
5.3.2 Logic Output Voltage (VOM, VOL)

All devices passed their specified VOH limit. The VOH results were
summarized by finding the minimm VOH for each device (eight VOM values
per device) and taking the asverage of the minimums over all the devices.
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The average minimum VOH values versus temperature for both vendors are
plotted in Figure 5.3a. Since both vendors specify the same output
current condition (IOH) of 400uA, the plot gives a good indication of the
difference in minimum VOH values. According to the plot, Vendor A values
are slightly lower than Vendor G values.

As with VOH, all devices passed the vendor specified VOL limits at
all temperatures. In summarizing values for VOL, the maximum value for
each device is used to calculate an average that is plotted for each
vendor in Pigure 5.3b. Since IOL for both vendors is 2.lmA, the plot in
Figure 5.3b allows a comparison of VOL values for both vendors. The plot
shows Vendor G values were significantly higher than Vendor A values., but
well within specifications.

5.3.3 Input Logic Level Sensitivity
Two devices from both vendors were subjected to worst case access
time measurements to determine their sensitivity to various input logic
levels. Three different sets of input conditions were used: they are as
follows:
CASE 1: VIL = 0.4V, VIH = 3,0V
CASE 2: VIL = 0.6V, VIH = 2.4V
CASE 3: VIL = 0.8V, VIH = 2.0V
while varying input voltage levels, measurements were made of access

time at 25°C with VCC levels of 4.5v, 5.0V, and 5.5 volts. Access times
at 25°C for three different cases are displayed in Table 5.4 below.

Table 5.4 Access times for 3 different cases of input logic levels at

25°C.
VENDOR A
TAVQV TAVQV TAVV
vce for for for
s/N (volts) CASE 1 CASE 2 CASE 3
4.5 212 NS 212 N8 212 w8
11 5.0 212 N8 212 NS 212 N8
5.9 213 N8 217 N8 213 N8
4.5 232 w8 232 N8 231 N8
20 5.0 232 N8 232 N8 231 w8
5.5 234 w3 234 N8 232 ws
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Table 5.4 Cont'

VENDOR G

TAVQV TAVQV TAVQV

vece for for for
S/N (volts) CASE 1 CASE 2 CASE 3
4.5 141 NS 141 NS 141 NS
1 5.0 131 NS 131 Ns 131 NS
5.5 128 NS 128 NS 130 NS
4.5 156 NS 155 NS 156 NS
5 5.0 141 NS 139 NS 141 NS
5.5 127 NS 127 NS 128 NS

The data from Vendors A and G show little sensitivity to the three
different logic level conditions.

Access time sensitivity due to varying supply voltage for the two
vendors can also be seen in Table 5.4. For Vendor A, VCC had no
significant impact on access time. Raising the supply voltage for
Vendor G devices resulted in faster access times.

5.3.4 Supply Current (ICC)

Three supply current measurements were performed on each device at
the six selected temperatures. They are as follows:

a.) 1ICCl - measured while device is deselected (standby).
b.) ICC2 ~ measured while device is in active state.
c.) 1PPl - measured during READ. :

All measurements of ICCl and ICC2 for both vendors were well within
their specified limits. Average values of ICCl and ICC2 versus
temperature, for both vendors, are plotted in Figure 5.4. The plots show
that Vendor A devices have a slightly higher ICCl than Vendor G devices,
whereas Vendor G has a slightly higher ICC2 current than Vendor A.

The IPPl measurement was taken while continuously performing READ
operations. IPPl was measured on all devices from each vendor. An IPPl
value per device and an average IPP! per vendor is displayed in Table
5.5. This table gives a sample of 10 devices from each vendor. All
measurements of IPPl for both vendors were found to be well within the
specified limit of SmA.
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Table 5.5 Average Values of IPPl (Supply Current at Read)

Vendor A Vendor G

IPP1 (Supply Current at Read) IPP1 (Supply Current at Read)
S/N IPP1 Units 8/N IPP1 Units

2 .808 mA 4 . 742 mA

3 . 158 -] . 758

4 .8 6 L1715

6 .808 7 . 167

9 . 7158 8 .7

8 .85 9 .125

9 .808 10 L1715

10 .808 11 .15

11 .8 12 . 167

13 .8 13 . 767

IPP1l Vendor A Average = 0.8mA IPPl Vendor G Average = 0.753mA

5.3.5 1Input/Output Pin Capacitance

Capacitance measurements were performed on selected pins of three
devices from each vendor. Table 5.6 lists the min.,avg.max measurement
data and the vendor specified limits. Both vendors' capacitance
measurements fell below their maximum specified limits. Vendor A parts
tend to have a lower capacitance per pin than Vendor G.

Table 5.6a Vendor A Min,Avg,Max Pin Capacitance

Pin Min Avg Max Limit Unit
AO-Al12 2.9 3.2 ) 6 pf
00-07 4.2 5.3 6.9 12 pf
cE 3.2 3.2 3.2 6 pf
oR 3.0 3.0 3.0 6 pf

Table 5.6b Vendor G Min,Avg.Max Pin Capacitance

Pin Min Avg Max Limit Unit
AO-A12 3.3 .n 5.9 6 pf
00-07 6.8 8.0 9.2 12 pf
cs 3.4 3.4 3.4 6 pf
os 3.2 3.2 3.2 6 pf
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5.4 AC Characterization

Table 5.7 lists the AC parameters that were characterized and the
vendor specified limits.

All AC measurements discussed in this section were made with output
compare levels of 2.4v and 0.45V.

Table 5.7 Vendor Limits for AC Parameters

Vendor A Vendor G
Min Max Min Max
TAVQV - 450 nS - 250 ns
TELQV - 450 ns - 250 nSs
TOLOV 10 nS 150 nS 10 nsS 100 ns
TAXQX 0 ns - 0 ns -

5.4.1 Vendor A AC Parameters

Four timing parameters were measured on Vendor A devices. They are
TAVQV., TELQV., TOLQV. and TAXQX. These parameters were characterized
under the following test conditions:

Temperature = -55, 0, 25, 70, 110, 125°C
vcC = 4.5v, 5.5v

VIL = 0.4V, VIH = 3.0V (CASE 1)

VIL = 0.6V, VIH = 2.4V (CASE 2)

VIL = 0.8V, VIH = 2.0v (CASR 3)

One parameter, TAXQX, exhibited no failures. When functional
testing began, a significant number of TAVWQV. TELQV. and TOLQV failures
occurred at high VCC, low temperature and CASE 3 logic levels.
Investigation showed that excessive amounts of ground noise (.4v to .6V
peak) was present on the DUT ground. This problem was remedied by
replacing the large zero insertion socket with single wire-wrap type
socket pins. This brought the device extremely close to the ground plane
of the test adapter and reduced the noise to a very low level, thus
reducing the number of failures. However, as Table 5.8 indicates, Vendor
A devices stil]l exhibit sensitivity to low temperature and high VCC even
after modification of the test sdapter. Although input threshold
measurements were not taken on these devices. it is suspected that Vendor
A devices exhibit marginal logic high thresholds as do Vendor A EEPROMS.
This condition prevents proper operation when small amounts of tester
noise are present and Case 3 logic levels are used.
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Table 5.8 PFailures Remaining After Reducing Ground Noise

& of Fallures at Specified Temperature
-55°C 0°C 2%°C 70°C 110°C 12%°cC

TAVQV at CASE 3. VCC=$.5V 9 1 0 0 0 (1
TELQV at CASE 3., VCC=S.%v 17 2 1 0 () 0
TOLQV at CASE 3. VCC=5.5v 9 3 1 0 0 ()

5.4.1.1 MAddress, Chip EBnable, and Output Enable Access Times

Minimum, Average, and Maximum plots of TAVQV are displayed in
Figures 5.5 and 5.6 for two cases of logic levels. Plots of TAWNV for
CASE 2 were not displayed because of the close similarity to CASE 1
results. TAVQV in Pigure 5.5 increases slightly over the range of
temperature. No significant difference in access time due to a change in
VCC could be found. Figure 5.6 shows address access time for CASE 3
logic levels. At VCC = 4.5V the plot i3 very close to those at the other
two cases of logic levels. However, at 5.5V TAVWNV increases an average
of 65 nsec from 0°C to -55°C. This sensitivity only becomes apparent at
this worst case logic level.

Chip Enable Access Time (TELQV) is plotted in Piguresz 5.7, 5.8, and
5.9. Pigure 5.7 displays TELQV for CASE 1 logic levels. At 4.5v, TELQV
decreases from an average of 202 ns at 125°C to 144 ns at -55°C. Por 5.3V
the trend is the same except for the lower temperatures (0 to -3%5°C)
where TELQV increases slightly. Figure 5.8 shows TELQV for CASE 2 logic
leveis. Here the trend is similar to that in CASE 1 except the
sensitivity to low temperature at 5.5V is much more pronounced. For CASE
3 logic levels in Figure 5.9. the plot at 4.5v also displays this
sensitivity. TBLQV begins to increase from 155 ns at 70°C to 435 ns at
-$5°C. Since CASE 3 (VIH = 0.8V, VIL = 2.0V) is a worst case logic
level, the sensitivity, if present, is expected to be at its greatest.

Figure 5.10 displays Output Enable Access Time (TOLQV) for CASE 2
logic levels. Plots of CASE ]| and CASE 3 are not displayed decause of
their similarity to CASE 2. As shown, the trend is for TOLQV to increase
as temperature increases at both values of VCC.

5.4.1.2 MAddress to Invalid Output (TAXQX)
Plots of TAXQX for CASE 2 may be seen in Figure 5.11. As with
TOLQV. plots of CASE 1 and CASE 3 logic levels are omitted due to their

similarity to CASE 2. From the plot, TAXOX increases with an increase of
temperature and does not change appreciably with a higher level of VCC.
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5.4.2 Vendor G AC Parameters

All vendor G devices were well within their specified limits over
the commercial temperature range (-25 to 85°C) and over the extended
temperature range (-55 to 125°C). Vendor G parameters were characterized
at CASE 3 logic levels. No parameter measurement exceeded the vendor
specification for the four parameters; TAVQV, TELQV, TOLQV. and TAXQX.

5.4.2.1 Address. Chip Enable., and Output Enable Access Times

Figure 5.12 summarizes the measurement results of address access
time (TAVQV) at VCC = 4.5V and VvCC = 5.5V. BRach set of three points at
one temperature represents minimum (min), average (avg). and maximum
(max) parameter values. The values at each temperature are for the 25
devices.

The plots of (TAVQV) for both cases of VCC display identical trends.
Access time first decreases from -55 to 0°C then increases sharply from
0°C to 125°C. Access time at -55°C seems to be more sensitive at
VCC = 5.5 volts than for VCC = 4.5 volts. At VCC = 5.5V, TAVQV is
significantly lower than at vCcC = 4.%5v,

Pigure 5.13 displays (min, max. avg) plots of chip enable access
time (TELQV) at two cases of VCC. The sensitivity at -55°C seen for
TAVQV is reversed here for TELQV. The plot of VCC = 4.5v displays a
greater sensitivity to -55°C than the plots of VcC = 5.5V. The two plots
of output enable access time (TOLQV) are shown in Figure 5.14. TOLQV is
very similar for both cases of VCC. The major difference in the two
cases is that TOLQV is ' w~er by an average of 7.5 nsec for VCC = 5.5V
than for VvCC = 4.5V.

The plots of Address, Chip Enable, and Output Enable Access times
1llustrate that within the extended temperature range (-55 to 125°C) all
devices meet their commerclal specifications even though VCC is beyond
the 4.75V minimum and 5.25V maximum vendor limits. A sensitivity for
high VCC and low temperature was seen for TAVQV, while TELQV was
sensitive at a low VCC and a low temperature.

5.4.2.2 Address to Invalid output (TAXQX)

The plots in Pigure 5.15 illustrate the minimum, average, and
maximm values of the Address to Invalid Output parameter (TAXQX). The
two curves displaying TAXOX at VCC = 4.5V and VCC = 5.5V are very
similar. No appreciable difference can be seen over the entire
temperature range of -5% to 12%°C. At both VCC cases, TAXQOX increases
slmost linearly from -55 to 125°C. Overall, TAXQOX was well within the
minimum commerciel specification of 0 nsec.
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5.4.3 Vendor A, Vendor G Output Disable Time (TOHQZ)

The current measurement method was used to determine the disable ]
time of ten devices from each vendor.

Table 5.9a and 5.9> list data for Vendors A and G. A sample of ten
devices from each vendor was tested in the VOH and VOL logic states. The
only significant difference between vendors is that Vendor A is an
average of 2 nsec faster than Vendor G. The output disable time is v
higher by an average of 5 nsec when the output is initially in the VOL
logic state compared to an initial VOH state. 1

Table 5.9a Output Disable Time - Output initially at VOH

S/N

OO s wWwN -~

10
13
14
20

Table 5.9db Output Disable Time - Output initially at VoL

8/N

N +=t bt e
Od WO VWO &WN ™

'

Vendor A
TOHQZ

15
16
15
14
1%
14
i4
14
14
15

Vendor
TOHQZ

22
23
23
20
22
21
20
20
20
22

iy

Vendor G
TOHQZ

nsec 16 nsec
16
17
18
17
18
17
17
16
17

A Vendor G

nsec
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5.4.4 AC Characterization Summary

In general., Vendor A devices are slower than Vendor G except for
output disable time(TOHQZ). At 5.5v, TAVQV., TELQV. and TOLOV times
tended to increase. No appreciable change was noted in TAXQX at
vce=5.0 volts.

5.5 Pattern Sensitivity

March, Address Complement., Row-Column Complement. and Gallop test
patterns were implemented on six devices from each vendor to determine
their address access time sensitivity at 25°C. Data was accumulated at
VCC = 4.5V and VCC = 5.5v. The following cases of logic levels were used
in this test:

CASE 1: VIH = 3.0V, VIL = 0.4V
CASE 2: VIH = 2.0V, VIL = 0.8V

Table 5.10 displays worst case access times for the four test
patterns at each set of logic levels. Rach value in the table represents
the average access time for the six devices from each vendor. The access
time from pattern to pattern does not differ appreciably for either
vendor. FPor example, Vendor A at CASE 1 and VCC = 4.5V, the access time
for the March pattern is 203 ns, whereas the Gallop pattern yielded
20ns. This difference 1is insignificant when considering the execution
times of the two patterns. The Gallop pattern is frequently considered
worst case because of the address decoder activity it generates.

However, the execution time is approximately 9 minutes as compared to 3-S5
sec for the March. To isolate an access time limit using Gallop required
eight successive test executions for a total elapsed time of over one
hour. The March and Address patterns take seconds to execute. The Row-
Column complement test pattern execution time was also a matter of
seconds.

The Address complement and Row-Column Complement patterns, unlike
“the March pattern, provide complementing action each memory cycle.
Because the Row-Column Complement pattern, along with the data pattern
in Pigure 2.2, verifies address uniqueness, it is recommended for the
slash sheet.
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Table 5.10a Vendor A Pattern Sensitivity

TAVQV., CASE 1 TAWV, CASE 2
Vendor A VC =4.5%V VWC=59% WC=4.3%Y WC =3 %W
March 203 ns 206 ns 203 ns 206 ns
Address Complement 206 ns 209 ns 206 ns 209 ns
Row-Column Complement 204 ns 207 ns 205 ns 208 ns
Gallop 207 ns 209 ns 205 ns 208 ns

Table 5.10db Vendor G Pattern Sensitivity

TAVWV, CASE 1 TAVQV, CASE 2
Vendor G VCC = 4.3V VOC = 5.3V VCC = 4.5V WVCC = 5.5V
March 149 ns 132 ns 150 ns 129 ns
Address Complement 150 ns 131 ns 150 ns 132 ns
Row-Column Complement 148 ns 129 ns 149 ns 130 ny
Gallop 149 ns 132 ns 149 ns 132 ns

5.6 Programming Parameters

Programming parameters were tested at 25°C for VCCs of 4.%v, S.0v,
and 5.5V and VPP programming voltages of 15v, 17V, 21V, and 22V. Two
devices from each vendor were tested at each level of VCC. This test
consisted of fixing the parameter to be tested at a value :'hat would
verify the manufacturer's limits. This was performed while keeping the
other programming parameters at a nominal value. Sixty-four (64) byte
locations were then programmed at each VPP. This resulted in a total of
256 programmed locations for each fixed programming parameter value at
each VCC per device. The programming integrity of the parameter tested
was then verified by checking the state of the prograammed byte locations.

The programming parameters and the values they were verified at are
as follows:

$
1. NAddress Setup Time (TAVPL) Ous. lus. 2us ‘
2. Chip Enable Setup Time (TELPL) Ous, lus. 2us i
3. Data Setup Time (TOVPL) Ous, lus, 2us
4. Data Hold Time (TPLDZ) Ous, lus, 2us
5. VPP Setup Time (TVWPL) Ous. lus, 2us
6. PGM Pulse Width (TPLPH) Ous. lus., 2us
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Table 5.11 lists each vendor's programming parameters and the
specified limits. All programming verifications were made with output
compare levels of 2.4V and 0.4v.

Table 5.11 Manufacturer's Specified Limits for Programming Parameters

Parameter Vendor A Vendor G Units
Min Max Min Max

TAVPL 2 - 2 - usec
TEBLPL 2 - 2 -

TDVPL 2 - 2 -

TPLDZ 2 - 2 -

TVVPL 2 - 2 -

TPLPH 45 55 45 55 usec
VPP 20.5 21.% 20.5% 21.5 \'/

Table 5.12 below shows the results of the characterization. The
table displays the number of programmed bytes out of a possible
sixty-four (64) for each test condition. Each value represents an
average of two devices per VCC.

From the table. Vendor A devices display little programmability at
VPP = 17V and VCC = 4.5V. AS VCC increases from 4.5V to 5.5V, a notable
increase in programmed cells occur. At a VCC of 5V, the number of cells
programmed at VPP = 17V is an average of 26% of the maximum. For VPPs of
21V and 22V, 100% of the cells were found to be programmed over the
entire range of VCC. No significant change in programmability could be
seen when program parameter timing was varied.

Vendor G devices also show some degradation of programming integrity
at VPP = 17v. At this VPP and a VCC of 4.5V, 99% of the cells
programmed. As VCC increased. the number of unprogrammed cells at
VPP = 17V decreased. All cells were found to be programmed at VPPs
of 21V and 22V over the range of VCC. No significant change in
programmability could be seen over each parameter's range of fixed
values.

For both vendors, programming integrity was also checked at a VPP

of 15 volts. No cells in any device from either vendor programmed at
this voltage.
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Table 5.12a vendor A - Number of Programmed Bytes for Various

Programming Conditions

Parameter VCC=4.%V VCC=$ . OV
(at fixed VPP=17 21 22 wvPPel7 21 22
value)
TAVPL (2us) 1 . . 25 * .
TAVPL (lus) 0 * 22 . .
TAVPL (Ous) 0 * . 19 . *
TELPL (2us) (1] * . 19 * *
TBLPL (lus) 0 . * 22 * *
TBLPL (Ous) 0 . * 15 * .
TOVPL (2us) 0 . . 18 * *
TOVPL (lus) 0 . * 15 *
TOVPL (Ous) 0 . . 17 . .
L TPLDZ (2us) 0 * * 12 * *
TPLDZ (lus) 0 . . 18 *
TPLDZ (Ous) 0 » . 13 * *
TWPL (2us) 0 * * 14 * .
TVWPL (lus) 4 * * 31 * *
TVVPL (Ous) 0 * * 14 * .
TPLPH (40ms) 0 * 3 * *
TPLPH (45ms) 0 . 12 *
TPLPH (55ms) 0 * * 4 * *

Note: * represents all 64 byte locations progranmed.

t'gh‘r“@g"!!
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VCC=3. 5v
VPP=17 2}
30 .
30 *
30 *
30 *
25 *
27 .
24 *
28 *
28 .
27 *
27 *
25 *
21 *
44 *
24 *
6 *
19 .
30 *
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Table 5.12db vendor G - Number of Programmed Bytes for Various
Programming Conditions

Parameter VCC=4 .5V vCC=% .0V VCC=5, SV

(at fixed VPP*17 21 22 vVPP=17 21 22 vPPs=17 21 22
value)

TAVPL (2us) 62 . * * * * » . .
TAVPL (lus) 63 * » . * * . . *
TAVPL (Ous) 63 * * » » * » * *
TELPL (2us) 64 . . * * " N . .
TELPL (lus) * * » * * * * . *
TELPL (Ous) * L * * . . . . *
TOVPL (2us) ) * * * * * * * .
TOVPL (lus) . * * * . » . » .
TOVPL (Ous) * * * * * * 64 . .
TPLDZ (2us) * * . * * * 63 * .
TPLDZ (lus) . * * . * * N . *«
TPLDZ (Ous) * * " * * * « « -
TVWPL (2us) * . * * * - . * *
TVWPL (lus) * * * * * . » * .
TVWPL (Ous) . * * . * . * * .
TPLPH (40ms) 58 * * 64 * * 62 *
TPLPH (45ms) 63 * * * * * 63 * .
TPLPH (5%5ms) 63 * * . * . . . .

Note: * represents all 64 byte locations programmed.

5.7 Erasure Characteristics

Six devices from each vendor were subjected to ultraviolet light
(253.7nm at 6700uv/cm?) for increasing intervals of time to determine
their erasure characteristics. BRach device had been programmed
using the values of parameters given in the programming parameter
characterization described in section 5.6.

Teble 5.13 summarizes the erasure time data. Rrasure times shown
are correlated to the six programming parameters that were each applied
to certain cell locations in the device.

It is concluded, as one Bay suspect, that erasure time is indicative
of the relative amount of charge stored during programming. The amount

of charge stored is affected most by the VPP amplitude and not
significantly affected by pulse width or setup and hold times.
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Table 5.13 Brasure Time (in seconds) of Six Devices
for Various Programming Parameters and Voltages

Vendor A Vvendor G
VPP \' 4 4

1V 2lv v 1v  21lv  2v
TAVPL (2usec) 5 90 90 40 90 90
TAVPL (lusec) -] 9% 120 40 90 90
TAVPL (Ousec) -] 90 120 40 90 90
TELPL (2usec) -] 90 120 40 90 90
TELPL (lusec) 5 120 120 40 90 90
TELPL (Ousec) -] 90 120 40 90 90
TDVPL (2usec) S 120 120 40 90 90
TOVPL (lusec) S 120 120 40 90 90
TOVPL (Ousec) S 120 120 40 90 90
TPLDZ (2usec) S 90 120 40 90 90
TPLDZ (lusec) S 90 120 40 90 90
TPLDZ (Ousec) -] 9% 120 40 90 90
TVPL (2usec) -] 9% 120 40 90 90
TVWPL (lusec) - 9 120 40 90 90
TWPL (Ousec) S 9% 120 40 90 90
TPLPH (40ms) S 90 120 40 90 90
TPLPH (45ms) S 9% 120 40 90 90
TPLPH (44ms) S 120 120 40 90 90

5.8 Bake

High temperature bake of UV-EPROMS helps to accelerate the loss of
stored charge in a programmed cell. Data retention of the device at high
temperature can be determined in this way.

A static bake was performed on six devices from each vendor. The ”
bake test consisted of programming the devices with a data pattern prior 3
to high temperature bake. Once programmed, the devices were placed in an
oven at 150°C. After 48 hours the devices were removed from the oven and ;
the programmed pattern was verified at 25°C. : H

This bake cycle was repeated six times for both vendors giving a s!

total bake time of 288 hours. During this period of time there was no
loss of data from any of the devices.
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6. 16K Registered Output PROM
6.1 1Introduction

The 27545 is a Registered Output PROM employing fusible links of
Platinum-Silicide (PtSi). The memory array is configured 2K x 8 and has
an 8 bit register with tri-state outputs. The output enable line (R/E's)
may be programmed to be synchronous or asynchronous depending on the
particular application requirements. A programmable initiaslize word
(2049th memory location) may be loaded onto the output asynchronously by
pulling the initialize input low. A photograph of the die from Vendor H
is shown in Figure 6.1. Table 6.1 lists device part number.
quantities. and date code. Table 6.2 lists the die size. A dlock
diagram of the 27S45 is shown in figure 6.3.

Sources for the device included AMD (27S45) and Texas Instruments
(28R166). Although 28R166's were ordered from Texas Instruments,
availability problems precluded the characterization of this device. AN
(Vendor H) responded by sending fifteen 27545's whose charscterization is
the focus of this section.

Table 6.1 Devices Provided for Characterization

Vendor Part No. Date Code Quantity

M 27545 8244 15

Table 6.2 16K Registered Output PROM Chip Dimensions
Vendor Length (mm) Width (mm) Area (3q. mm)

H 5.6l 3.8 19.24

6.2 Incoming Test

Unprogrammed device cells store a logic low. Upon receipt. all
devices were blank checked to verify that no fuses had been programmed.
No failures occurred during this incoming test procedure.

Programming of the Registered Output PROMs was accomplished on the
8-3270. Since the access time of a registered output PROM is actually
the delay from the register clock to its output. pattern sensitivity is
essentislly non-relevant. 1In view of this fact, use of the PROM pattern
specified in the 'date patterns’ section of this report was not required.
Por the sake of simplicity all devices were programmed with an
alternating checkerboard pattern.
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PIN 1

VENDOR H

FIGURE 6.1 DIE PHOTO - 2K X8 FPROM (14.84X)
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Figure 6.2 16K Registered Output PROM Pin Configuration
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6.3 DC Parameters

Table 6.3 iists the vendor specified DC Parameters and their
respective limits.

Table 6.3 Vendor Specified DC Parameters

Symbol Parameter Min Max Units

vce Supply Voltage 4.75 5.2% v

ICC Supply Current 185 asA

IIL Input Leakage -25%0 uA
Current Low VIN=0.45Vv

1IH Input Leakage 40 uA
Current High VIN=VCC

ICEX Output Leakage +/-40 uA

(Tri-State)

VvIC Input Clamp Diode -1.2 v
Voltage IIN=-18mA

VoL Low Level Output 0.5 "
voltage IOL=16mA

VOH High Level Output 2.4 \'
Voltage IOH=-2mA

108 Output Short -20 -90 mA

Circuit Current

6.3.1 Leakage Current (IIL, IIH)

IIH measurements were significantly less than the 40uA maximum
vendor specified limit over the full military temperature range(See
Figure 6.4). 1I1IL measurements were slightly less than the vendor
specified typical of -20uA but much less than the maximum specification
of -250uA. Average values ranged from -12.5uh at -355°C and increased to
-9.5uA at +125%°C.
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6.3.2 Logic Output Voltage (VOL, VOH)

The output voltage low (VOL) specification for the 27845 is 0.3V
maximum. The average VOL measurement was 400mv at -35°C which increased
to 430mv at +125°C. Again, this was sufficiently below the specified
maximum (See Figure 6.5). The VOH parameter’s sensitivity to temperature
was significantly more pronounced. The average VOH measurement of 2.84v
at -55°C increased to 3.268V at +125°C in a non-linear fashion. Although
this paraweter displays a fair amount of sensitivity to temperature. it
sufficiently exceeds the manufacturers specified minimum of 2.4v and
therefore presents no problem.

6.3.3 1Input Threshold Voltage (VIL.VIH)

The variation of the average input threshold voltage over the full
temperature range was 150mv. The curves shown in Pigure 6.6, indicate a
spread of less than 125mv at -55°C which increases to 450mv at +125°C.
This wide variation at +125°C is due to a few parts that exhibit more
temperature sensitivity than the rest. Despite this variation among
devices, the input voltage threshold is still well within the VIL to VIH
band (0.8 max to 2.0V min) specified by the vendor.

6.3.4 Supply Current (ICCL, ICCH)

Supply current., at 4.5v and 5.5V respectively. generally
decreased with increasing temperature(Figure 6.7). The average values
for ICCL and ICCH over the full temperature range were 104mA and 185mA
max. The worst case supply current delta between temperature extremes
was approximately 4mA.

6.3.5 1lnput Clamp Diode Voltage (VIC)

The input clamp diode voltage exhibited excellent linearity over
temperature as expected(See Figure 6.8). Again, this is due to the
linear proportionality of P-N junction voltage to temperature. The
average VIC measurement was -675aVv at -355°C which increased to -300wv at
+125°C, an approximate 1lmv/°C slope. All values over the temperature
range were well within the maximum specified limit of -1.9v.

6.3.6 Output Short Circuit Current (108)

By convention., current into the device is considered positive.
Therefore, the negative 108 current is a current sourced by the device.
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The curves for VOH (shown in Figure 6.5b) and 108 (shown in Figure §.9),
{llustrate the direct relationship between output voltage and output
short circuit current with respect to temperature. Both sets of curves
are similar in their general trend and shape. The average short circuit
current at -55°C is -23.5mA and increases to -32mA at +12%°C, slightly in
the low end of the -20mA to -90mA specified range and below the -40mA
typical as set forth by the vendor.

6.3.7 1Input/Output Pin Capacitance

Table 6.4 Vendor H Min. Avg, and Max Pin Capacitance

Pin Min Avg Max Typical value Unitc
A0-Al0 3.9 5.9 6.4 5 pf
INIT 6.0 6.1 6.2 S pf
B/Bs 6.4 6.6 6.8 5 pf
cp 3.8 3.9 4.1 5 pf
01-08 13.6 15.2 18.5 12 pf

6.4 AC Parameters

Of the fifteen devices whose AC parameters were characterized
serial numbers 1 thru 10 were characterized in the asynchronous or
normal mode of operation and the remaining devices. serial numbers 1l
thru 15. were programmed in the synchronous mode. A list of the AC
parameters that were characterized is given in Table 6.5 below.
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Figure 6.9 Output Short Circuit Current (IOS)
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Table 6.5 vVendor Limits for AC Parameters

PARAMETER SYMBOL LIMIT

MIN MAX UNITS
Clock pulse width low TCLCH 20 - nsec
Clock pulse width high TCHCL 20 --- nsec
Address to clock set-up time TAVCL 45 --- nsec
Enable to clock set-up time TEXCH 1% -—- nsec
Address to clock hold time  TCHAX 0 - nsec
Enable to clock hold time TCHEX* 5 - nsec
Clock high to data valid TCHDV --- 30 nsec
Enable low to output active TBLQX -—- 30 nsec

*Synchronous mode parameters only

6.4.1 Clock Pulse Width Low and High (TCLCH and TCHCL)

The general trend for both TCLCH and TCHCL was decreasing pulse
widths with increasing temperature i.e.; the maximum operating frequency
increased with temperature and VCC(See Pigure 6.10 and 6.11). Some minor
fallures occurred at the worst case conditions of -55°C and VCC=4.2%V
with clock pulse low measurements of 22 nsec. Since these devices were
screened to 883D, class C, the operating range for VCC is 4.75v to 5.2%v
only. In that range the worst case condition (4.75V at -55°C) yielded a
minimum clock pulse width of 18 nsec which is below the vendors specified
minimum of 20 nsec.

6.4.2 Address to Clock Set-up Time (TAVCH)

The required time for an address to be stable before the clock pulse
can be applied is the address to clock set-up time. The general trend
for this parameter was for decreasing set-up time with increasing
temperature and VCC(Figure 6.12). The vendor specified minimum of 45
nsec is more than adequate with worst case measurements of 30 nsec deing
made at -55°C and 4.2%V VCC down to a minimum of 16.5 nsec for VCC=S, 25V
at 2%°C.

124




TCHCL (ns)

L
3 Loa o s boa s oo 0 oooa g a b o s s a s a2 L a2 a3 A_l
3 (8 | (%] 18 18 19 i

0 beltd

Figure 6.10a Vendor H - Clock Pulse Width High vs., VCC (Temp.=25°C)

TCHCL (ns)
- L o
- P —— o ——— -
~
~
L ] ~
— —— \
" e SN —
~. - N
8 ~. N
—— .. N
~
...... - - N
S~..
S~
s ~.
......... —
‘
| \ v
L 3
s Aa s o b a2 o2 b s o a b s os s s ) s aa sl oaaas ;
- w w 1 s 19 " ;
L &

Figure 6.10b Vendor H - Clock Pulse Width High vs. VCC (Temp.=125°C)
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Figure 6.10c Vendor H - Clock Pulse Width High vs, VCC (Temp.=~55°C)
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Figure 6.11a Vendor H - Clock Pulse Width Low vs. VCC (Temp.=25°C)
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Figure 6.11b Vendor H - Clock Pulse Width Low vs. VCC (Temp.=125°C)
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6.4.3 Clock to Address Hold Time (TCHAX)

The total variation between minimum and maximum TCHAX measurements
was only 4 nsec worst case across the temperature and VCC range(See
Figure 6.13). Average values ranged from -6.%5 nsec at -55°C and nominal
VCC (5.0V) to -12 nsec at +125°C. At lower temperatures , -55°C to 25°C,
the hold times decreased with increasing VCC. This may be attributed to
the fact that hold time is a function of the charge/discharge time of
internal circuit nodes. Stiffer driving currents (due to higher supply
voltage) tend to decrease these charge/discharge times. At 125°C ,
however. higher internal resistances tend to dominate thereby increasing
charge/discharge times and therefore hold times. All values were well
below the 0 nsec minimum as specified by the vendor.

6.4.4 Enable to Clock Set-up Time (TEXCH)

This parameter applies to the synchronous mode of operation only and
is the minimum time the enable signal must be present before the clock
transition occurs. The range of values over temperature was 6 nsec to 11
nsec., worst case minimum to worst case maximum(rFigure 6.14). The average
values remain relatively constant over temperature but decrease slightly
with increasing VCC. All values. again., were well below the vendor .
specified minimum of 15 nsec. Referring to the graphs of TEXCH in Pigure
6.14. it is significant to note that the plots’' step-like response is a
result of the measurement deltas being close to and in some cases within,
the resolution of the §-3270 Test System. Step type transitions may not
necessarily be the response of the device but may instead be a function
of the tester.

6.4.5 Clock to Enable Hold Time (TCHEX)

TCHEX is also a synchronous function only and exhibits a very
confined response to temperature and VCC. The trend for average values
is for increasing hold time with increasing VCC(See Pigure 6.1%). vorst
case average values of -6 nsec at -55°C and 4.25V VCC to -1.%5 nsec at 2%
C and 5.75 volts WC are comfortably below the vendor specified minimum
of % nsec.

6.4.6 Clock High to Deta Valid (TCHDV)

Clock high to data valid is the delay time through the output
register flip-flops. and exhibits a response that is fairly typical of
most bi-polar MSI devices. The parameter decreases at a relatively
linear rate with incressing WC. Temperature variations affect the
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Figure 6.14b Vendor H - Enable to Clock Setup Time vs, VCC (Temp.=125°C)
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response only slightly with a 4 nsec variation in average values over the
full military temperature range (See Figure 6.16). The maximum value of
26 nsec at -55°C and 4.25v VCC is less than the 30 nsec specified
maximum.

6.4.7 Output Buffer Turn-on Time (TELQX) - Asynchronous Mode

Output buffer turn-on time is a delay through the output buffer
circuitry and is very similar to TCHDV as discussed above. Over the full
temperature range TELOX exhibits a bath-tub type curve (see Pigures
6.17a, b, and c): i.e. decreasing values from -55°C to 25°C, flat to
100°C and slightly increasing to +125°C. All devices were at or below
the vendor's limit for TELOX within the specified VCC operating range of
4.5V to 5.5v. All values decrease rather linearly with increasing vcc.
Average values ranged from 28 nsec at 4.5v VCC and -55°C to 22 nsec at
+125°C and 5.5V vCC.

6.4.8 Output Disable Time(TERHQZ)
Output disable time is summarized in Table 6.6 below.

Table 6.6a Output Disable Time - Output initially at VOL

S/N TEHQZ Units
1 26 nsec
2 28
3 28
4 27
5 30
6 30
7 32
8 32
9 30
10 28
11 20
12 20
13 20
14 20
15 20
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Figure 6.17c Vendor H - Output Buffer Turn-on Time vs, VCC (Temp.=-55°C)
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Table 6.6b Output Disable Time - Output initially at VOH

s/N TEHO2 Units
1 24 nsec
2 23
3 25
4 23
5 25
6 2%

7 26
8 25
9 25
10 24
1 26
12 26
13 27
14 26
15 27

6.5 AC Characterization Summary

The AMD 27845 performed well during AC characterization despite the
fact that it was not an 883 device. It operated beyond the
manufacturer's specified range for both VCC and temperature and in all
but one instance, within the vendor's specified limits. The values and
trends exhibited by the 27845 were typical of bi-polar devices of similar
size and complexity. The ability to be programmed for synchronous or
asynchronous operation along with the initialization function gives the
device added flexibility and desirability over more standard ROM devices.
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7. 16K-STATIC RAM

7.1 Introduction (16K X 1 Static RAMs) 1

The INMOS IMS1400M and Integrated Device Technology(IDT)
IDT6167L8%5 are 16,384 bit high speed Static RAMs organized as 16K X 1,
featuring access times of 70nS and 85nS respectively. Other features
include chip enable (CB) - controlled low-power standby mode ard single
+5V operation. N-MOS technology was used by Inmos while IDT used CMOS.

Military grade(883B) devices from each vendor were provided for the
characterization. Access times of the devices provided by Imnmos and IDT
were 70nsec and 85nsec respectively. Vendor I refers to Inmos and Vendor
J refers to IDT. Table 7.1 summarizes the device part number, date code,
access time., and lot quantity.

Table 7.1 Devices Provided for Characterization

Vendor Part No. Access Time Date Code Quantity
1 IMS1400M 70ns 8227 23
J IDT6167L8S 85ns 8243 20

Table 7.2 provides the chip dimensions ifor the two vendors. Micro-
photographs of a die from each vendor are shown in PFigure 7.1. Both
photographs are to the same scale so that a visual size comparison can be
made.

Table 7.2 16Kxl Static RAM Chip Dimensions
Vendor Length (mm) width (mm) Area (sq mm)
I 6.46 3.09 19.96

J 6.27 3.30 20.69

The package that was characterized for both vendors is a 20 pin
ceramic dual-in-line. The pin configuration for this package is shown in
FPigure 7.2 for both vendors. At the time of characterization, Vendor 1
offered a 70n8 device while Vendor J offered four versions with access
times ranging from 55n8 to 100nS. All device inputs and outputs for both
vendors are TTL compatible. Pully static circuitry is used which
requires no clocks or refreshing and provides equal access and cycle

times.
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Pin 1

Vendor 1

A ot W

Figure 7.1 Die Photos - 16Kxl Static RAMs (14.84X)
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Figure 7.2 16¥xl Static RAM Pin Configuration
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7.2 Incoming Test

All devices from each vendor passed the incoming test.

7.3 DC Parameters
The DC parameters and test conditions specified by the two manu-

facturers are listed in Table 7.3. All parameters except input thres-
holds were measured at -%3, 0, 25, 70, 100, and 125°C.

Table 7.3 Vendor Specified DC Parameters

Vendor 1 Vendor J

Parameter Min Max Min Max Unit
Supply Voltage 4.5 3.5 4.5 5.9 \'
Supply Current - 90 - 50 mA
(Static - DC)
Supply Current - 120 - S50 mA
(Dynamic - AC)
Supply Current - 30 - 20 mA
(Standby)
Input Leakage -10 -10 - -] uA
Current
Output Leakage =50 S0 - L] uA
Current
Low Level Input -2.0 0.8 -.5 0.8 \'
Voltage
High Level Input 2.4
voltage
Low Level Output -
Voltage
High Level Output 2.4
Voltege I0H=-~4mA

147




7.3.1 Leakage Current

Input Leakage Currents, IIH and IIL., and Output Leakage currents,
IOLZ and IOHZ, were well below the manufacturer's specified maximum
limits. All were less than 100nA.

7.3.2 Logic Output Voltage (VOH, VOL)

All devices passed the specified VOH limit at the six tempera-
tures. The average of the minimum VOH values are plotted in Figure 7.3.
Bach vendor specifies the same output current condition (IOH) of -4mA.
The plot in Pigure 7.3 shows Vendor 1 with a lower average minimum VOH
than Vendor J. VOH for Vendor I tends to decrease with temperature while
VOH for Vendor J increases.

A plot of average maximum VOL values for both vendors is shown in
Pigure 7.4. All devices passed their maximum specified VOL limit for all
temperatures. VOL for Vendor J is an average of 100mV less than Vendor
A. Both plots in Figure 7.4 illustrate that as temperature increases VOL
increases.

7.3.3 1Input Logic Level Sensitivity

Access time sensitivity to various input logic levels was deter-
mined rfor 2 devices from both vendors. Three different cases of input
logic levels were used:

CASE 1: VIL = 0.8V, VIH = 2.0V
CASE 2: VIL = 0.6V, VIH = 2.4V
CASE 3: VIL = 0.4V, VIH = 3.0V

As the input voltage levels were varied, measurements were made
of access time (TAVQV) at 25°C with VCC levels of 4.5v, 5.0v, and 5.5
volts. TAVQV for the three cases of input conditions is given in
Table 7.4.
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Table 7.4 Access Times for 3 Different Cases of Input Logic Levels

at 25°C

Vendor 1
8/N vCC TAVQV TAVQV TAVV
A Case 1 Case 2 Case 3
1 4.% 43.48 43.48 43.48
5.0 43.48 38.79 38.79
5.5 43.40 36.45 37.62
-] 4.% 38.79 38.79 38.79
5.0 386.79 3%.27 36.45
5.% 39.96 35.27 36.45

Vendor J
S/N vCcC TAWV TAVQV TAWNV
Case 1 Case 2 Case 3
1 4.5 39.96 39.96 39.96
5.0 39.96 36.45 36.45

5.5 38.79 34.1 .1

5 4.5 39.96 38.719 39.96
5.0 38.79 35.27 36.4%
5.9 38.79 32.93 32.93

The data in Table 7.4 shows little sensitivity to the three applied
logic level conditions. Vendor I shows a slightly greater shift in
access time than Vendor J. At VCC = 5.5V the average change in access
time from Case 1 (41.7n8) to Case 2 (35.9n8) is 35.85n8. Vendor J for
VOC = 5.5V displays an average shift of 5.27n8 from Case 1 to Case 2.
Access time decreases slightly for both vendors as VCC increases from
4.5 to 5.95v.

7.3.4 Supply Current (ICC)

The three supply current measurements performed at six temperatures
are as follows:

a.) 1ICCl - measured in static DC state
b.) 1ICC2 - measured in active READ/WRITE state
C.) 1ICC3 - msasured during standby
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All supply current measurements were well within the manufacturer's
specifications. Average values of ICCl and ICC2 versus temperature are
shown in Pigures 7.5 and 7.6 respectively. An average of ICC3 versus
temperature is shown in Pigure 7.7.

7.3.3 1Input/Output Pin Capacitance

Capacitance messurements were performed on all pins except VCC and
OND for five devices from sach vendor. Tables 7.5a and 7.5b indicate the
Min. Avg and Max capacitance values per pin along with the specified
maximm limits.

The input and output pin capacitance values for both vendors were
found to be within the specified maximum limits.

Table 7.5a Vendor I Min. Avg and Max Input/Output Pin Capacitance

Pin Min Avg Max Limits Units v
AO-Al3 1.9 2.0 3.3 4 pf '
DOUT 4.8 4.8 4.8 7 pf

B 2.1 2.1 2.1 4 pf

cs 2 2 2 4 pf

DIN 1.8 1.8 1.8 4 pf

Table 7.5 Vendor J Min, Avg and Max Input/Output Pin Capacitance

Pin Min Avg Max Linits Units
AO-Al3 2.1 2.% .5 ]

pouT 3.4 3.4 3.4 ]

= 3.2 3.2 3.2 5

cs 2.3 2.3 2.3 S

DIN 2.1 2.1 2.1 5
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7.4 AC Characterization
The AC parameters that were characterized and their vendor specified

limits are listed in Table 7.6. Refer to Appendix B for timing parameter
abbreviations used in this section.

Table 7.6 Vendor Limits for AC Parameters

Vendor I Vendor J
Min Max Min Max
TAWQV - 65ns - 85ns
TERLQV - T0nS - a5ns
TAWL 8ns - 0 -
TAXQX ons - 5 -

7.4.1 Vendor I AC Parameters

The four timing parameters characterized were TAVQV., TBLQV. TAWL,
and TAXQX.

7.4.1.1 Address and Chip Enable Access Time

Plots of Address Access Time (TAVQV) for Vendor 1 at -5%5, 0, 25,
70, 100, and 125°C are shown in Figure 7.8. The plot of TAWNV for
VCC = 4.5V and 5.5V shows a sensitivity to the two temperature extremes
(-55°C, 125°C). At VvCC = 5.5V, the high temperature sensitivity is not
as pronounced as at 4.5V. The plots show that TAVQV for both VCCs is
within the specified limits.

Figure 7.9 shows plots of Chip Enable Access Time (TELQV) versus
temperature for the two VCC levels. At 4.5V there is some sensitivity to
low temperature. FPFrom 0°C to 125°C, TBLQV increases from an average of
4%5nS to 58.5nS. At 5.5V, TBLOV is less temperature dependent than at
4.5V. The largest average variation is 4.5nS.

7.4.1.2 Mddress Setup Time
Address Setup Time (TAVWL) ot the six temperatures and two VCC
levels 1is plotted in Figure 7.10. Por both levels of VCC., TAWL

increases with an increase of temperature. TAWL is an average of 4nS
higher at 5.5V than at 4.5V.
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Figure 7.10 Vendor I - Address Setup Time vs. Temperature i
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7.4.1.3 Address to Invalid Data Output

Plots of Address to Data Invalid (TAXQX) are shown in Pigure 7.11.
TAXQX increases with temperature for both levels of VCC and is only an
average of 2nS higher for VCC = 4.5V, Average TAXQX is slightly less
linear for the 5.%V case.

7.4.1.4 Other Vendor 1 Parameters

Six other parameters were tested over the specified range of
temperature and VCC. These six parameters are Chip Deselect Time
(TEHQZ). Write Pulse Width (TWLWH), Chip Select Setup Time (TELWH). Data
Setup Time (TDVWH), Address Hold Time (TWHAX), and Data Hold Time
(TWHDX). All measured values of these parameters for the 23 tested
devices were found to be within the vendor's specified limits.

7.4.2 Vendor J AC Parameters

The AC characterization also wmeasured TAVQV, TELQV, TAWL and TAXQX
for Vendor J. There were no recorded fallures for this vendor at the two
VCC levels (4.5v, 5.%5v).

7.4.2.1 Address and Chip Enable Access Time

Address Access Time (TAVQV) is shown in Pigure 7.12. TAVV at
VCC = 4.5V is an average of 3nS higher than at 5.5V. Access time at 5.5V
displays some low temperature sensitivity which can be seen in the
maximum value plot. RAll measurements of TAVQV were within Vendor J's
specified limits.

Chip Enable Access times (TELQV)., plotted in PFigure 7.13, were
similar at both levels of VCC. Chip Enable Access time is an average of
3 to 4nS higher for VCC = 4.5V, All devices characterized were within
the specified limits for TELQV at the six temperatures and two levels of
vCe.

7.4.2.2 Mdress Setup Time

Pigure 7.14 shows a (min, avg, max) plot of Address Setup Time
(TAWL) for VCC = 4.3V and 5.5V and the six temperatures. TAWL
decreases with an increase of temperature for both levels of VwC. At
5.5V. TAWL is an average of 3.3n8 greater than at 4.35V. The plot at
5.9V also displays the same basic trend for the minimum and maximum
curves. MAll measurements of TAWL at both VCCs were within vendor J's
specified limits.
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7.4.2.3 Address to Invalid Output

The Address to Invalid Output parameter (TAXQX) for the Vendor J
device is plotted in Figure 7.15. Both plots display an increase in
TAXQOX with increasing temperature. TAXQX for VCC = 4.5V is an average of
3 to 4nS higher than at 5.3V. There were no recorded failures of TAXQX
at the six specified temperatures and two VCC levels.

7.4.2.4 Other Vendor J Parameters

The other parameters tested for Vendor J at the six temperatures and
two levels of VOC were TEHQZ. TWLWH. TELWH. TDVWH, TWHAX, and TWHDX. All
measured values of these parameters were found to be within the
specifications for Vendor J.

7.4.3 vVendor 1. Vendor J Output Disable Time

A bench test was used to measure when the output reached a high
impedance state. Output Disable Time was measured as output current
decreased to zero. Table 7.7 lists data for both vendors. Ten devices
from each vendor were tested in the VOH and VOL logic states. Vendor J
is an average of 4 ns faster than Vendor I when the output turns off from
either logic state (VOH or VOL). Output disable time is an average of 2
ns faster when turning off from the VOH logic state than the VOL state.

Table 7.7a Output Disable Time - Output initially at VOH

vendor 1 Vendor J
s/N TOHQZ Unit S/N TOMQZ Unit
4 13 nsec 1 10 nsec
) 13 2 11
7 14 3 10
10 14 4 9
11 13 3 10
12 13 6 9
15 13 7 12
17 1% 8 10
19 13 10 10
20 14 11 10
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Table 7.7d Output Disable Time - Output initially at VoL

Vendor 1 vendor J

s/N TOHQZ Unit 8/N TOHOZ Unit
4 14 nsec 1 12 nsec
5 15 2 13
7 16 3 12

10 1% 4 12

11 17 -] 12

12 16 6 11

15 16 7 13

17 19 8 12

19 15 10 12

20 16 11 12

7.4.4. AC Characterization Summary

For all access and setup times, Vendor I was slightly slower than
Vendor J. Vendor 1 also exhibited some sensitivity to the temperature
extremes.

Output disable time was also slightly higher for vendor 1, than for
Vendor J.

7.% Pattern Sensitivity

Twenty devices from each vendor were subjected to March, Gallop. and
Address Complement test patterns to determine their access time
sensitivity at 25°C and VCC = 5V, Data was taken at logic levels of
VIH = 2.0V, VIL = 0.8V and VIH = 3.0V, VIL = 0.4v. Table 7.8 lists
average worst case access times for the three test patterns at each set
of logic levels. Overall, the access time sensitivity to the March,
Gallop. and Address Compliement test patterns for both vendors is minimal.

Both the March and the Address Complement patterns yield access times
similar to the Gallop but require significantly less execution time.
Therefore, either the March or Address Complement test is preferred for
the slash sheet. The Address Cowmplement pattern exercised the address
decode circuitry more dynamically than the March because of its
complementing action sach memory cycle. It is expected that this will be
more effective than the March in detecting decoder response problems.
(The Gallop pattern has long been considered one of the most effective
address decoder tests but its long execution time is a significant
disadvantage.)
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Table 7.8 Test Pattern vs. Worst Case Access Time(TAVQV)
at 25°C and vcC = SV

CASE 1: VIH = 2.0V, VIL = 0.8V

MARCH GALLOP ADDRESS COMPLEMENT
Vendor 1 24.5ns 24.5ns 24.5ns
(avg. of 20 devices)
Vendor J 16.4ns 17.5ns 16.5ns

(avg. of 20 devices)

CASE 2: VIH = 3.0V, VIL = 0.4V

MARCH GALLOP ADDRESS COMPLEMENT
Vvendor 1 24.3ns 24.2ns 24.5ns
(avg. of 20 devices)
Vendor J 14.7ns 13.0ns 13.0ns

(avg. of 20 devices)

7.6 Power-On Readiness

Power-on readiness testing was performed only on Vendor 1 devices
since only they employed a substrate bias generator. This test consisted
of two portions performed at 25°C:

1.) Dbench measurement of the substrate voltage stabilization time.
2.) automatic measurement of the delay time between power-on and
reliable device operation.

The stabilization measurement was the time needed for the substrate
bias to reach the -3V nominal value. This measurement was performed on
only three devices since these had an external substrate contact. All
three exhibited & 70 usec stabilization time.

Power-on readiness data displayed in Figure 7.16 was taken on five
devices at various temperatures. Four out of five devices exhibited
similar but non- linear behavior. A trend is established between 25°C
and 110°C. But, for the four devices, this trend does not apply at low
temperatures. A single device, #13, exhibited the same trend at all
temperatures.
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7.7 Introduction (2K X 8 Static RAMS)

Three separate 2K X 8 devices, the Mostek 4802P, the Harris MI-6516.
and the IDT 6116LP, were originally characterized on this contract. The
Mostek 4802P has since been discontinued, therefore the focus of this
discussion is on the IDT and Harris devices only.

The IDT 6116P and the Harris MI-6516 are both 16K CMOS Static Rams
organized as 2Kk X 8. The Harris device is constructed utilizing an all
CMOS process, whereas., IDT is a mixed MOS process employing an N-MOS
memory array surrounded by a CMOS periphery. Both devices feature
individual chip enable and output enable functions. These functions.
along with the byte wide configuration. make them ideally suited to
microprocessor based systems. The 6516 is a synchronous device, i.e. the
address inputs are 'latched' by the falling edge of the chip enable
pulse. Because of this, the 6516 has no address access time as such,
but instead has an access time which is the sum of the address set-up
time and the chip enable access time. The vendor designations for each
device will be as follows:

Harris H1-6516 Vendor D
DT 6116LP Vendor J

Table 7.9 summarizes the device part number, date codes, specified
access times, and lot quantities.

Table 7.9 Devices Procured For Characterization

Vendor Part No. Access Time Date Code Quantity
D M1-6516-8 250 8145 25
J 6116L 150 8249 24

Photos of the dies from each vendor are shown in PFigure 7.17, while
Table 7.10 below gives the chip dimensions.

The devices were packaged in 24 pin ceramic dual-in-line dips whose

pin confiqurations are shown in Figure 7.18. Although the Harris device
is synchronous. both vendors were pin for pin compatible.

Table 7.10 2K X 8 Static Ram Chip Dimensions

Vendor Length (mm) width (mm) Area (3q. mm)
D S.94 5.11 30.3%
J S5.16 4.06 20.9%
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PIN 1

FIGURE 7.17 DIE PHOTOS - 2K X8 STATIC RAMS (12.3X)
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7.8 1Incoming Test

All devices from each vendor passed the incoming test.
7.9 DC Parameters

The DC parameters and test conditions specified by the two
manufacturers are listed in Table 7.11. Al]l parameters were tested at
-5%°C, 0°C, 25°C, 70°C, 100°C. and 12%°C.

Table 7.11 Vendor Specified DC Parameters

vendor D Vendor J
Symbol Parameter Min Max Min Max
IIH.IIL Input Leakage Current -1.0 +1.0un - 2.0uA
VOL Output Voltage Low - 0.45%v - 0.4v
VOH Output Voltage High 2.4v - 2.4v -
1CcCl Supply Current (Active) - 20mA - 60mA
1002 Supply Current (Standby) - 100ul - 12mp

7.9.1 Leakage Current (IIH,IIL)

The leakage currents for vendors D and J were typical of similar
CMOS devices and were all well within +/- 1.0uA. Since the magnitudes of
these currents approach the measurement capabllities of the $-3270 test
system, general trends could not be discerned and therefore will not be
discussed.

7.9.2 oOutput Voltage High (VOH)

For VOH, both the magnitudes and the general trends are different.
vendor D exhibits a decreasing VOH measurement as temperature increases
while Vendor J's output voltage high increases with temperature (see
Figures 7.19a and 7.20a). Vvorst case magnitudes for Vendor D are 4.44
volts at -55°C to 4.34 volts at 125°C. PFor Vendor J, 3.52 volts at
-55°C and 3.84 volts at +125°C are the worst case magnitudes. All values
were well above the 2.4 volt minimum VOH as specified by the vendors.

"
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7.9.3 oOutput Voltage Low (VOL)

The magnitudes and general trends for both vendors were very similar
for VOL. Both exh!bited increasing VOL for increasing temperature with
worst case magnitudes of 90mv at -55°C to 275mV at +125°C(see Figures
7.19b and 7.20b). Although Vendor J yielded a significantly tighter
spread between maximum and minimum values all values were well below the
vendor specified VOL maximum of 450mv.

7.9.4 Active Supply Current (ICCl and ICC2)

The active supply currents were measured with the device in a
constant read cycle (ICCl) and in a constant write cycle (ICC2). Por
Vendor J the difference between ICCl and 1CC2 was insignificant: i.e. the
active supply current was not affected by the type of cycle or operation
being performed. These values were found to be decreasing for increasing
temperature, with worst case magnitudes being 57.5mA at -55°C to 27.5mA
at +125°C, below the 60mA maximum specified by the vendor. The active
supply current for Vendor D was approximately 4mA higher for a write
operation than for a read operation(see Figure 7.2la, b, and c). This
sensitivity may be ignored when considering the fact that it is less than
5% of the maximum specified limit. worst case magnitudes for Vvendor D
were 10mA at -55°C and llmA at +125°C. again., well within the specified
l1imits.

7.9.5 Input/Output Pin Capacitance

Table 7.12a Vendor D Min. Ave, and Max Pin Capacitance

Pin Nin Avg Max Limit
AO-AlO 2.0 2.45 4.1 8pf
E.¥V.G 2.%5% 3.8 4.7 8pf
DQO-DQ7 4.15% 5.2 6.1% 10pf

Table 7.12b Vendor J Min. Avg., and Max Pin Capacitance

Pin Min Avg Max Linmit

AO-Al0 3.4 4.1 5.9 6pf

8.¥.G 3.7 4.2 4.9 6pf

DQO-DQ? 5.1 5.6 6.2 8pf
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Figure 7.19b Vendor J - Output Low Voltage (VOL)
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Figure 7.20a Vendor D - Output High Voltage (VOH)
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7.10 AC Characterization

The AC parameters and their vendor specified limits are listed in
Table 7.13. Refer to Appendix B for abbreviations and wavefora symbols
used in this section.

Table 7.13 vendor Limits for AC Parameters

Vendor D Vendor J
Nin Max Nin nax Unit
TAVQV - -t - 150 nsec
TEBLOV --- 250 - 150
TAVEL 10 - 20 —
TOHQZ --- 100 -—- 50

* Not applicable to vendor D

7.10.1 Address Access Time (TAVV)

This parameter applies to Vendor J only. TAVQV was measured while
employing a march pattern (see Appendix C) with VCC at 4.5 volts and
again at VCC at 5.% volts. The average address access time at 4.5 volts
increased from 80 nsec at -55°C to 92 nsec at +125°C in a relatively
linear fashion(see Figures 7.22a and 7.22b). uorst case measurements
were 102 nsec maximum at 70°C and 72 nsec minimum at -35°C. With a vcC
of + 5.5 volts., the average access times were 118 nsec at -35°C,
decreasing to 82 nsec at 0°C. Prom 0°C to +125°C the curve remained
reletively flat.

7.10.2 Chip Enable Access Time (TELQV)

Por Vendor J. the trends for chip enable access times at 4.5 volts

VCC and 5.5 volts VCC are very similar to those for address access times.

The magnitudes were less with the average TELQV at 4.5 volts VCC
increasing from 62 nsec at -55°C to 83 nsec at +125°C in a linear
fashion. As with the TAVQV., the average chip enable access time at 5.9
volts VCC decreased steeply from 74 nsec at -35°C to 35 nsec at 0°C and
(refer to Pigures 7.23a and 7.23b) then increased slightly to 62 nsec at
412%°C. Minimum values ranged from 44 nsec at -35°C to 60 nsec at
+125°C. Vvendor D exhibited similar behavior with chip enable access
times at VCC=4.5 volts increasing from 63 nsec at -355°C to 115 nsec at
+12%°C(see Figures 7.24a, b, and ).
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7.10.3 Address Setup Time (TAVEL)

Vendor D devices exhibited a slight sensitivity to both temperature
and VCC(see Figures 7.25a, b, and c¢). The general trends were for
decreasing setup time with increasing VCC and increasing setup time with
increasing temperature. At a VCC of 4.5 volts , setup times increased
from 8 nsec at -55°C to 14 nsec at +125°C and at a vcC of 5.5 volts,
TAVEL increased from 7 nsec at -55°C to 12.5 nsec at +125°C (average
values). Although these values exceed the vendor’'s minimum specification
of 10 nsec, it is important to note that the only specification sheets
available at the time of this writing were a product preview sheet and an
advance information sheet. The data indicates that the Vendor J
specification of 20 nsec appears to be more adequate than that of Vendor
D. Vendor J devices displayed significantly different behavior than that
of Vendor D with setup times decreasing with increasing temperature and
very little sensitivity to VvCC (less than ! nsec between 4.5 and 5.5
volts VCC)(see Pigures 7.26a and 7.26b). The average TAVEL values for
Vendor J were 7.4 nsec at -53°C increasing linearly to 11.5 nsec at + 125
C at a VCC of 4.5V. Por VCC = 5.5V TAVEL was found to be 6.8 nsec at -55
C increasing linearly to 10.5 nsec at +125°C. All values were well
within the vendors specified minimum of 20 nsec.

7.10.4 Output Disable Time (TOMQZ)

Availability problems with Vendor D devices resulted in their being
received very late in the contract. This precluded the bench testing of
output buffer turn-off time and pattern sensitivity. Ten Vendor J
devices were bench tested for TOHQZ. The data is presented in Table 7.14
below:

Table 7.14 Output Disadble Time - Vendor J

S/N From VOL FProm VOH unit
S0 12 10 nsec
51 11 10
52 10 9
53 11 11
54 12 11
55 12 11
56 12 11
s$7 11 10
58 12 12
59 12 11

All T0HOZ measurements were well below the manufacturers specified
maximum 1imit of 50 nsec.
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7.10.5 Comparison of Vendors' AC Characteristics

Despite Vendor D's 250 nsec maximum access time specification,
their AC performance was remarkably similar to that of Vendor J devices.
Address setup times (TAVEL) for both vendors were in the 5 to 20 nsec
range. Average access time comparisons are shown in Table 7.15 below.

Table 7.15 Comparison of Average Access Times

Vendor D Vendor J

-55°C 70 nsec 80 nsec
VCC=4.5v 25°C 92 86
125°C 125 92

-55°C 60 nsec 118 nsec
vCC=$5.5v 25°C 8l a0
125°C 108 80

With the exception of two extremes, 1.e. VCC=4.5V at +125°C and
VvOC=%5.5v at -55°C, both vendors are within 30 nsec of one another. This
is significant in view of the fact that the difference in the
specifications is 100 nsec. In both cases, the address access time and
chip enable access time specifications are more than adequate.

The synchronous mode of the Vendor D device is clearly a differentiating
aspect.

7.11 Pattern Sensitivity

Pattern sensitivity testing was accomplished using various types of
patterns and measuring the resulting address access times. S8ince the
Vendor D devices asre synchronous, address patterns impact the data access
time very little, and thus sensitivity testing was not performed. 8ix
Vendor J devices were tested for pattern sensitivity. Patterns and their
corresponding address access times are shown in Table 7.16.
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Table 7.16 Vendor J- Pattern Sensitivity for Six Devices
Vendor J 8/N Units
Pattern 50 51 52 53 53 56 nsec
Galloping Address 61.7 953.9 9%9.8 65.6 59.8 959.8
March %9.8 353.9 59.8 65.6 59.8 359.8

Inter-Vrite %9.8 53.9 57.
Recovery

61.7 59.86 959.8

Address Complement 59.8 53.9 59.8 65.6 59.8 959.8

Galloping Row 57.9 953.9 55.9 61.7 57.8 9%9.8
Galloping Column 57.9 52 55.9 59.8 57.8 57.8
Inter-Vrite 59.8 52 55.9 59.8 57.8 57.8
Recovery (Row)

Inter-vrite 57.9 52 55.9 61.7 57.8 57.8

Recovery (Column)

All measurements were made at 25°C. Tris data indicates that Vendor
J devices are essentially not sensitive to the various pattern types.
The worst case difference among the various patterns was 5.8 nsec with
the average delta being 3.2 nsec.
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8. PALIG6RS
8.1 1Introduction

The PAL16R8 is one ot a number ot array logic devices employing
tusible 1ink technology to implement relatively complex boolean
tunctions. The device technology is bipolar and the circuit is arranged
in a sum-ot-products contiguration to tacilitate the programming ot
various logic tunctions. The PALI6R8 consists ot 64 AND gates each with
32 programmable inputs. These AND gates are arranged in groups ot eight
with the output ot each teeding a tixed OR gate. The output ot the OR
gate is latched and ted back to the inputs thereby tacilitating not only
combinatorial tunctions but sequential tunctions as well.

Sources tor the devices were Monolithic Memories Incorporated (MMI)
and National Semiconductor (2nd source tor MMI). These two manutacturers
will hencetorth be reterred to as Vendor F and Vendor B respectively.

Die photos are shown in Figure 8.1 and the pin contiguration tor the
device is shown in Figure 8.2. Device quantities received, as well as
part numbers and date codes are shown in Table 8.1 below and chip
dimensions are displayed in Table 8.2,

Table 8.1 Devices Provided tor Characterization

Vendor Part No. Date Code Quantity
4 16R8MJ 8201 20
F 16R8MJ 8125 10
B 16R8CY 8216 10
B 16R8CJI 8219 10

Table 8.2 16R8 PAL Chip Dimensions

Vendor Length (mm) width (mm) Area (sq. mm)
P 3.%8 3.38 12.10
B 3.51 3.38 11.86

Programming ot the devices was accomplished on a Data I/O system 19
PROM Programmer and the Tektronix S-3270 test system. Programming
capability on the S-3270 was developed primarily to characterize the
device programming parameters. Four separate tuse patterns were
developed such that all internal nodes could be excercised and all
tusible links within the device could be collectively programmed. These
patterns are illustrated in Appendix B.
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Figure 8.2 16R8 PAL Pin Configuration

PUTION




8.2 1Incoming Test

All devices passed the incoming test.

8.3 DC Parameters

The PALI1G6R8s exhibited DC behavior typical of bipolar devices. The
parameters characterized include supply currents. input clamp diode
measurenents. output voltage high and low measuremsents. output short
circuit current. and input voltage threshold measurements. Test data was
obtained using standard test technigues on an automatic tester.

The DC characterization of the PALIGRS was accomplished utilizing
the following DC parameters and conditions as shown in Table 8.3.

Table 8.3 Vendor Specified Limits for DC Parameters

SYMBOL PARAMETER MIN MAX NMIN MAX UNIT
vee Supply voltage 4.5 5.5 4.5 5.9 volt
ICCH Supply current (VCCs=S. 3%V) 180 22% mA

ICCL  Supply current (VCC=4,5V)

IIL Input current low -0.25 -0.23 w=mA

IIH Input current high 23 23 uA

VIC Input clamp diode voltage -1.9 -1.9 veolt

VOL  Output voltage low 0.5 0.5 wolt ‘

VOH Output voltage high 2.4 2.4 Volt ‘

108 output short circuit current -30 -130 30 -130 = é
VIH  Input threshold voltage 0.6 20 0.8 2.0 Wwolt '

Pollowing is a summary and analysis of the data obtained during
characterization of these PAL devices.
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8.3.1 1Input Leakage Current (IIL.IIH)

Input leakage currents IIH and IIL were measured by forcing worst
case conditions of 2.4V VIH and 0.4V VIL at VCC = 35,5V on each input.
All leakage currents were well within the specifications set forth by the
vendors over the full temperature range(See Figures 6.3 and 8.4).

8.3.2 Logic Output voltage (VOK,VOL)

The output voltage measurements were accomplished by first applying
the proper stimulus to achieve the desired output state, low or high.
Secondly, the output was forced with the appropriate current, IOL = 12mA
and 104 = -2.0mA for VOL and VOH respectively and the resulting voltage
measured. VCC was set to the minimum of 4.5V and the input logic levels
were 0.8V and 2.0V for VIL and VIH respectively. The spread between
maximum and minimum VOL measurement was approximately 100mv with the
average VOL being 300mv at -55°C and decreasing at a fairly linear rate
to 250mv at 125°C(See PFigures 8.5 and 8.6). VOH, on the other hand, was
increasing with temperature with the average 2.8V at -35°C rising to 3.4v
at 125°C. All values exceeded the specified minimum at 2.4v over the
full MIL temp range.

8.3.3 Input Voltage Threshold (VTH)

Threshold voltage was obtained by incrementing or decrementing the
input logic levels in 10mV increments until the appropriate change
occurred at the outputs. This process was repeated on each pin to obtain
individual threshold voltages. To account for hysteresis, an average of
two threshold measurements, one obtained by incrementing from VIL and the
other by decrementing from VIH, was taken as the threshold value. The
general trend for VIH was to decrease linearly with increasing
temperature(Figures 8.7 and 8.8). Typical values ranged from 1.66 volts
at -55°C to 1.2 volts at +125°C. The nominal value at +25°C was
approximately 1.52 volts which is well within and close to the center of
the maximum VIL specification of 0.8V and the ainimum VOH specification
of 2.0V. Although no vendor specification. as such, exists for VTH, the
parameter was predictable and well behaved as expected.

8.3.4 Supply Current (ICC)

Supply current was measured in two separate modes. high and low.
ICCH was the supply current measurement with VCC set at 5.3V (meximm
supply voltage) and all inputs grounded. The average high level supply
current exhibited slightly decreasing magnitude with increasing
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Figure 8.4 Vendor F - Low Level Input Leakage Current
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Figure 8.5b Vendor B - Low Level Output Voltage (VCC = 4.5V)
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L : DRI,

temperature(See Figures 8.9 and 8.10). All data was well below the
maximum specified supply current of 180mA with the average current being
145mA. Supply current low level (ICCL) was measured with & VCC of 4.5V
and averaged approximately 110mA.

8.3.5 1Input Clamp Diode Voltage (VIC)

The input clamp diode voltage measurements were effected by forcing
a current of 18mA out of the clamping diode and measuring the voltage
across it. The resulting data exhibited a classical curve over
temperature which is characterized by extreme linearity and increasing
voltage with increasing temperature(Figures 8.1]1 and 8.13). Again, this
is due to the P-N junction's direct proportionality to temperature in
degrees kelvin. The average slope of this curve for both vendors was
1.2mv/ C. The vendor specified limit of -1.5V maximum is sufficient with
the worst case maximum value being -900mv at -55°C.

8.3.6 Output Short Circuit Current (10S)

The minimum vendor specification of -30mA appears to be somewhat
marginal while the maximum of -130mA is quite liberal with the maximum
measured value being -70mA at -55°C and increasing (more positive) with
increasing temperature(See Figures 8.12 and 8.14). Overall, the average
output short circuit current values were well within the specified vendor
limits over the full mil temp range.

8.3.7 1/0 Capacitance

1/0 capacitance measurements were taken on each input and
input/output pin of all devices at a frequency of 1 MHz. BRach
measurement was made with respect to the ground pin on the device with no
supply voltage applied. Table 8.4a and 8.4b are representations of 1/0
capacitance measurements for selected Vendor F and Vendor B devices:
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Figure 8.98 Vendor B - Low Level Supply Current (VCC = &4.5V)
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Pigure 8.9h Vendor B - High Level Supply Current (VCC = 5.5V)
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Figure 8.10b Vendor F - High Level Supply Current (VCC = S,5V)
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Figure 8.11 Vendor B - Input Clamp Diode Voltage (VCC = 4.5V)

Figure 8.12 Vendor B - Output Short Circuit Current (VCC = 5.5V)
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Figure 8.14 Vendor F - Output Short Circuit Current (VCC = 5.5V)
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Table 8.4a - Vendor B - 1/0 Capacitance

Pin & 8/N = 21 8/N = 26 8/N = 36 Max Limit Unit

1 22.% 23 22.5 Not Available pf
2 13 13 13

3 10.7 10.8 10.5
4 9.1 9 8.9
s 7.9 7.9 7.8
6 7.8 7.9 7.7
7 9 9 8.8
(] 10.6 10.8 10.5
9 14 14 13.6
11 22.4 24 23.3
12 20 20.5 20
13 12.1 12.6 12.%
14 10.5 10.6 10.6
15 10 10.3 10.1
16 10 10.3 10.2
17 10.5 10.7 10.7
18 12.5 12.6 12.7
19 20.8 20.7 20.4

Table 8.4b - Vendor F - 1/0 Capacitance

Pin & S/N = 50 S/N = 60 8/N = 64 Max Limit Unit

1 18.5 17.5 18 Not Available pf
2 10.5 10.1 10.5
3 8.7 8.4 8.6
4 8.3 8.1 8.5
S 7.7 7.% 7.7
6 7.8 7.4 7.8
7 8.2 7.9 8.3
8 8.6 8.2 8.5
9 12 1.5 12
11 18 18.4 18
12 24 24 22.6
13 11 11 11.9%
14 10.95 10 10.9
19 10.3 10 10.5
16 10.4 10.2 10.4
17 10.4 10.3 10.5
18 11.3 11.1 11.2
19 16.9 16.1 16.3
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8.4 AC Parameters
The AC characterization of the PALI6RS was accomplished utilizing
the following parameters and conditions as shown in Table 8.5.

Table 8.5 AC Parameters for the PALI6R8 (Vendors B and F)

Parameter Symbol Min Max Units
Clock Pulse Width High TCHCL 25 - nsec
Clock Pulse Width Low TCLCH 25 -
Input to Clock Setup Time TCHAV 45 -
Input to Clock Hold Time TCHAX 0 ---
Clock High to Data valid TCHDV -—- 25
Output Buffer Turn-on Time TOLOX -—- 25
Output Buffer Turn-off Time TOHQZ -—- 25
Maximum Operating Frequency fmax 14 -—- MHZ

8.4.1 Maximum Operating Frequency

Minimum period measurements were derived as the sum of TCHCL and
TCLCH(See Figures 8.15 and 8.16). At 25°C the maximum operating
frequency of the PAL16R8 increases with increasing VCC. The average
maximum frequency ranges from approximately 32MHz at VCC = 4.23V to 40MHz
at VCC = 5,75V with a nominal maximum frequency of approximately 37Miz
at 5.0 Volts vCC. This is significantly better than the minimum
specified frequency of 14MHz as indicated in slash 504. The trend at -55
C 1s similar although slightly less pronounced with the average maximum
frequency ranging from 2MHz at 4.25V VCC to approximately 36MHz at
VCC = 5.75v. The data at 125°C exhibits a significantly flatter curve
with the average maximum at 4.25V VCC being 26MMz and 24MHz at
VCC = 5.75v.

8.4.2 Address Setup Time
TCHAV (Setup time) for the PALI6RS is defined as the time a stable

address 1is required at the inputs before the output registers may be
clocked. The general trend is for decreasing setup time with increasing
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VCC. This is as expected since the major contributor to setup time is
the propagation delay through the device. At 25°C the average setwp
time ranges from 26 nsec at VCC = 4.25 volts to 20 nsec at WC = 3,73V in
a relatively linear fashion(See Pigure 8.17). At -53°C the values are
slightly higher with TCHAV being 30 nsec at VCC = 4.25V to 21 nsec at
VCC = 5.75 Volits: again. a relatively linear curve. The curve at 125°C
is somewhat compressed with setup times of 28 nsec to 235 nsec for supply
voltages of 4.25 volts to 5.75 Volts respectively. Over the militery
temperature range all values were well within the maximum allowable setup
time of 45 nsec.

8.4.3 Address Hold Time

TCHAX (Address Hold Time) is the time that a stable address is
required to exist after the application of the output register clocking
pulse. Typically, hold times are negative due to the finite decay time
of internal circuit nodes. Again, the hold time vs. supply voltage
curves over the military temperature range are relatively linear(See
Figure 18). The slopes are positive indicating an increasing hold time
for increasing VCC. At 25°C hold times vary from -22n8 at 4.15V WC to
~17nS at 5.75V VCC. At 55°C the slope was slightly steeper with an 8nS
variation over the VCC range, i.e.. -23n8 to -15n8 for VCCs of 4.2%V to
5.75V. The data for 125°C is over the supply voltage range. All values
easily meet the 0 nsec minimum requirement for address hold time and are
significantly better than the -15 nsec typical value specified in the
vendor data sheets.

8.4.4 Clock High to Data Valid

TCHDV (Clock High to Data Valid) is essentially an access time
acasured from the leading clock edge to valid data out. All TCHDV
measurements were below the vendor specified maximum limit of 25 nsec
over the full military temperature range. Over the VCC range (4.25 Volts
to 5.75 volts) TCHDV varied from 16 nsec to 20 nsec at 25°C
(See Figure 8.19). At -53°C the slope of the curve was less steep with
an excursion from 23 nsec to 21 nsec for increasing VCC. TCHDV was &
flat curve with less than a 1 nsec variation at 125°C.

8.4.5 Output Buffer Turn-on Time

T0LOX is output buffer turn-on time and is defined as the time from
the output disable (OD-Pin #11) rising edge to a valid data output. The
data at 25°C exhibits a negatively sloped curve with decreasing turn-on
time for increasing VCC(See Figure 8.20). Average values were 16 nsec at
4.25 Volts to 12 nsec at 5.75 VCC. This trend was relatively
unaffected by temperature and all values were well within the 25 nsec

4 maximum limit specified by the vendor.
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Figure 8.17a

Figure :.17b Vendor F - Address Setup Time (VCC = 5,5V)
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8.5 Programming Parameters

Prior to the characterization of the PALS, they were programmed on
the S-3270 by applying nominal programming paramsters. To characterize
the devices. they were programmed with the minimum programming parameters
given in Table 8.6. These parameters were reduced by 10% each pass until
a device failed to program.

Table 8.6 Programming Parameters for the PAL16R8 (vendors B and F)

Parameters Symbol Min Max Units

Program Level Input Voltage VIHH - 12 Volts
Program Level Input Current IIHH

Output program pulse -—- S0 mA

O/D. L/R - 25 “

All other 1inputs --- -] R

Program Supply Current ICCH -—- 400 mA

Program Pulse Width TPHPL 10 S0 usec

td 100 -—- nsec

The two timing parameters that were varied were td, delay time. and
tp. the #idth of the programming pulse. The voltage parameter that was
varied was VIHH, the program level input voltage. These parameters were
varied independently with the fixed parameter set at the specified
minimum value, 1.e. while characterizing the timing parameters. VIHH was
set at 11.0 volts and while varying VIHK, td and tp were set to 100 nsec
and 10 usec respectively. The results of this characterization is as
follows: Vendor B. S/N 72. programmed at the minimum specified timing
setting of td = 100 nsec and tp = 10 usec. Vendor B, S/N’'s 76 and 77,
programmed at 10\ below minimum. S/N's 73 and 75 failed to program at
20\ below minimum. Vendor B, S/N°'s 74 and 78 failed to program with VIHH
set 100 below the minimum specified limit of 11.0 volts. For Vendor F,
S/N 1P prograsmed at the minimum specified programming parameters. S/N's
2P and 3P programmed at 208 bdelow and 50% below the minimum specified
timing respectively. S/N's 4P and SP both failed to program with VIHH
set to 108 below minimum (if.e. 9.9 volts). This data indicates that
programming is sensitive to the program-level input voltage but
relatively insensitive to program timing constraints. Since all devices
prograsmed at minimm timing and voltage level parameters. the vendor
programming specifications are adequate.
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APPENDIX A - Test Plan Example
1.0 Procurement

A minimum of 20 devices of each type will be procured and tested.
Since 135 devices are required by the contract, the extra devices will
allow some fall-out to occur without having to repeat testing for
replacements. The vendors selected will be per discussion between RADC
and GE. To aid in subsequent test development, a bit map for each device
type will be reguested from the manufacturer.

2.0 Incoming Test

The devices will be tested on the Tektronix to verify continuity of
the prograxmadble links and logic integrity of the unprogrammed outputs.

The incoming test will not verify all DC parameters, but will detect
gross failures. The DC characterization which follows this initial
testing will serve to complete the function of incoming testing as well
as to profile the DC performance of each device.

3.0 DC Characterization

Data patterns used here will be those developed for AC functional
testing.

The following DC parameters will be measured at various temperatures
that will include as & minimum -55, 25, and 125°C. Other conditions s
indicated will also be applied.

3.1 8upply Current

The VCC supply will be measured with vCC = 5,5V,

3.2 1Input Current

. The input current of all input pins will be measured at
\ VIN + 0.0, 0.4, 2.4, and VCC. The VCC supply voltage will be set to
- SOSVO

3.3 1Input Clamp Voltage

The forwerd bias voltage of the input protection diodes will be
measured while forcing the maximum specified bias current.




3.4 Output Leakage

For those devices with tri-state outputs, the output current will be
measured while all outputs are disabled and VCC » max. The measurement
will be performed while externally applying 0.0, 0.4, 2.4, and VCC to the
output.

3.5 output Voltage

VOH - Output logic high voltage will be measured while the output is
sourcing the manufacturer's maximum specified current.

VOL - Output logic low voltage will be measured while the output is
sinking the manufacturer's maximum specified current.

3.6 Input/Output Capacitance

The capacitance of all input/output pins on a minimum of five
devices will be measured at a frequency of 1MHz.

3.7 oOutput Short Circuit Current

With the output initiaily in the logic high state and vVCC at
maximum, the output will be momentarily shorted to ground while measuring
the current sourced by the output. This test will be followed by a
second set of output voltage tests to insure that no damage resulted from
the short circuit condition.

3.8 1Input Thresholds

The switching thresholds of at least three device inputs will be
determined at -53, 25, and 125°C with VCC = 4.5, 5.0, and 5.5V.

The measurement technique will use VIH and VIL levels of 3.0 and 0.0
volts respectively on all those pins not currently selected for threshold
measurement. VWhen determining the VIH threshold for the selected pin,
VIL will be at 0.0 volts. An input pattern will be applied to the inputs
while monitoring outputs for correct 1ogic states and response times.

Por each execution of the pattern VIH., on the selected pin, will be
incrementally increased until the value is found at which the device

passes.

Vhen VIL threshold is being determined. VIN on the selected pin will
be set to 2.0 voits. VIL then will be incrementally decreased at esach
execution of the pattern unti]l the device passes.
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The threshold tests will be performed at -55, 23, and 12%°C with
vee = 4.5, 5.0, and 5.3 volts.

4.0 AC Characterization

The AC parameters will be measured under various tesperature and
voltage conditions that will include the following as & minimum unless
otherwise indicated:

Temperature = -55, 25, and 125°C

voC = 4.25, 4.50. 4.75, 5.0, 5.25, 5.5, and 5.7%V
VIH = 2.0. 2.4, 3.0V
VIL = 0.8. 0.6, 0.4V

The output voltage compare levels will be set at the manufacturer
specified minimm VOH and VOL limits.

The parameters that will be measured are:

a.) maximum propagation time of the input to output asynchronous
dats paths

maximum propagation time of clock inputs

clock widths

setup times

hold times

maximm clock frequency of synchronous circuits - In the event
the maximum clock frequency exceeds the automatic test
equipment capability. a bench test will be performed at limited
VvCC and logic levels.

[ X - I -4
s & e o

The AC parameters will be measured using selected patterns. 8ince
each device can have only one of the selected patterns not all
propagation delays can be verified in a single device. However. the
various patterns used will collectively verify the propagation integrity
of the device design and will verify that any fuse can be programmed.

A load circuit, as shown in PFigure 2.3 in section 2 will be ;
connected to each output during the AC testing. Resistor RL will be
selected to provide the maximum load current at the maximum allowed :

output logic low voltage. RH will provide maximum load current for the
minimum allowed logic high output voltage. The S0pF capacitance includes &

the parasitic capacitance of the test equipment. 5
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5.0 Programming Characteristics

The proposed plan for the programmable logic devices is to select
various programming parameter values within the manufacturer's specified
minimum and maximum values and sufficiently below the minimum values to
verify that the limits are adequate. The maximum values will not be
exceeded to avoid damage to the devices.

The characterization will apply various combinations of the

following parameters to each device (within the limits of the programming
hardware):

program level input voltage

program pulse width

deiay time from programming voltage to programming pulse
verify protect input voltage

verify protect pulse width

In addition, the program supply cucrrent, program level input current
and verify protect input current will be measured while programming
selected fuses in at least five different devices.

6.0 Burn 1In

The effect of the programming parameters is assigned to some extent
by pattern verification. However, a burn-in period is recommended to
provide a more rigorous set of conditions for checking the integrity of
the open fuse. This 1is especially important here, because many fuses
will receive minimum program parameters possibly resulting in an
incomplete fuse burn. A minimum of 160 hours of dynamic burn-in is
suggested. An additional burn-in (life test) can be performed if time
and schedule permits.
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APPENDIX B - Special Diagrams and Definitions

Timing parameter abbreviations-

All timing abbreviations use upper case characters with no sub-
scripts. The initlal character is always T and is followed by four
descriptors. These characters specify two signal points arranged
in a "from to" sequence that define a timing interval. The two
descriptors for each signal point specify the signal name and the
signal transition. Thus the format is:

T X X X

Signal name from which interval is defined -J '
Transition direction for first signal

Signal name to which interval is defined
Transition direction for second signal

®

a. Signal definitions:

A=Address

D=Data in

Q=Data out
B=Chip-enable
O=Output-enable
PsProgram (VPP) pulse

b. Transition definitions:

H=Transition to high

L=Transition to low

VaTransition to valid

X=Transition to invalid or don't care
Z=Transition to off (high impedance)

Example:
CHI1P '
BNABLE ce h

pULSE \{14

The example shows Chip-enable setup time defined as TELPH time
from chip-enable low to program pulse high.
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APPENDIX C - Data Pattern Descriptions
Marching Pattern - RAM

This pattern is used to test for bit independence and address
uniqueness. A variation of the pattern is also used to check that data
cannot be written into the device when it is deselected. The basic March
pattern is performed in the following sequence:

Step 1 - Write the array with background data.

Step 2 - Read the entire memory for background data.

Step 3 - Read address location zero for background data.
Step 4 - Write address location zero with complement data.
Step 5 - Read address location zero for complement data.
Step 6 - Repeat steps 3 through 5 for each address location.
Step 7 - Repeat steps 3 through 6 using complement data and

addresses the decrement from maximum.
Step 8 - Repeat steps 3 through 7 with complement data.

when verifying that data cannot be written while the chip is deselected,
b the pattern is performed in the following sequence:

Step 1 - Write the array with background data.

Step 2 - Read the entire memory for background data.

Step 3 - Read address location zero for background data.

Step 4 - Deselect the device and attempt to write complement data
at location zero.

Step 5 - Read address location to verify that complement data was
not written into location zero.

Step 6 - Repeat steps 3 through 5 for all addresses.

Step 7 - Repeat steps 1 through 7 with complement data.

Barching Pattern - ROM

Step 1 - Starting with address zero, read all addresses in
increasing sequential order.

Step 2 - Starting with the maximum address, read all addresses in
decreasing sequential order.
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Address Complement Pattern - RAM \

Step 1 - Write ls and Os alternately into the array.
Step 2 - Read 1ls at address location zero.

Step 3 - Write 0Os at address location zero.

Step 4 - Read 0s at complement address location.
Step 5 - Write 1s at this address location.

Step 6 - Read Os at address location one.

Step 7 - Write ls at address location one.

Step 8 - Read 13 at the complement address location.
Step 9 - Write Os at this address location.

Step 10 - Repeat steps 2 through 9 until finished with every
address in the array.

Step 11 - Read out data pattern from memory.

Step 12 - Repeat steps 1 through 1]l with complement data.

Address Complement Pattern - ROM

Step 1 - Read data at address zero.

Step 2 - Read data at complement address.

Step 3 - Read data at address one.

Step 4 - Read data at complement address.

Step 3 - Continue sequence until all addresses have been read.

Row Complement Pattern - RAM

Step 1 - Write ls and Os alternately within each column.

Step 2 - Read ls at the first row address in the first column.
Step 3 - Write Os at the same location.

Step 4 - Read Os at the complement row address location in the

same column.

Step 10 - Repeat steps 2 through 9 until finished with every row
address in that column.

Step 5 - Write ls at this complement row address location.
Step 6 - Read 0Os at the second row address location.
Step 7 - ¥Write 1s at the second row address location. _
Step 8 - Read 1s at the complement-second-row address location. :
Step 9 - Write Os at this complement-second-row address location.
kY
%
%

. Step 11 - Repeat steps 2 through 10 for the remaining columns.
. Step 12 - Read out data pattern from memory.
Step 13 - Repeat steps 1 through 12 with complement data.

redpw e
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Row Complement Pattern - ROM

Step
Step
Step
Step
Step

Step

l._
2..
3_
‘_
S-

6 -

Read first row in the first column.

Read the complement row in the first column.

Read the second row in the first column.

Read the complement row in the first column.

Continue the sequence until all rows in the first column
have been read.

Repeat steps 1 through 5 at each column in each row until
the entire memory has been read.

Column Complement Pattern - RAM

Step
Step
Step
Step

Step
Step
Step
Step
Step
Step

Step
Step
Step

b W N -
1

5
6
7 -
8
9
1

Write ls and Os alternately within each row.

Read 1s at the first column address in the first row.
VWrite Os at the same location.

Read 0s at the complement column address location in

the same row.

Write ls at this complement column address location.

Read 0s at the second column address location.

Write 1s at the second column address location.

Read 1s at the complement-second-column address location.
Write Os at this complement-second-column address location.

0 - Repeat steps 2 through 9 until finished with every

column-address in that row.

11 - Repeat steps 2 through 10 for the remaining rows.
12 - Read out data pattern from memory.
13 - Repeat steps 1 through 12 with complement data.

Column Complement Pattern - ROM

Step
Step
Step
Step
Step

Step

1_
2-
3_
‘...
5..

6_

Read first column in the first row.

Read complement column in the first row.

Read second column in the first row.

Read complement column in the first row.

Continue the sequence until all columns in the first row
have been read.

Repeat steps 1 through 5 at each row until the entire
memory has been read.
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Galloping

This
and every

Step
Step
Step
Step

Step

Step
Step

Step
Step

Step
Galloping

Step
Step

Address Pattern - RAM

pattern is used to check memory access time between one address
other address. 1t is performed in the following mannc::

o WN -

7

8
9

Write a background pattern throughout the memory.

Read the array for the background pattern.

Select address zero as the test word location.

Vrite the complement of the background data at the test
word location.

Execute the following sequence:

Read the test location
Read the test location +1
Read the test location
Read the test location +2
Read the test location

Continue the sequence until all locations have been read.

Write the background data into the test word location.
Select test word location +1 as the next test word
location.

Repeat steps 4, 5., and 6.

Repeat steps 7 and 8 until all addresses have been the test
word location.

10 - Repeat steps 1 through 9 with complement background data.

Address Pattern - ROM

1 - Select address zero as the test location.
2 - Bxecute the following sequence:

Read the test location
Read the test location +1
Read the test location
Read the test location +2
Read the test location

Continue the sequence until all locations have been reed.

Step 3 - Select test location +1 as the next test location.
Step 4 - Repeat step 2.
Step 5 - Repeat steps 3 and 4 until all addresses have been the test

-

BV

location.

225










